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PHYSIOLOGICAL  STUDIES  OF  CONNECTICUT  LEAF 

TOBACCO. 


QENERAL  PH7SI0L007   OF   THE   TOBACCO   PIfANT. 
THE  FACTORS   OF   DEVELOPMENT. 

The  interest  connected  with  the  tobacco  plant  is  not  only  of  an  agri- 
cultaral  and  commercial  nature '  but  is  also  to  a  considerable  degree 
of  a  physiological  and  chemical  character.  First  of  all  the  minuteness 
of  the  seed  strikes  us  as  x>^uliar  when  compared  with  the  large  plant 
developed  in  but  ninety  days  rivaling  in  extent  of  leaf  surface 
most  other  cultivated  plants  of  equal  age.  This  rapid  development 
requires  a  steady  and  full  nutrition,  if  the  leaves  are  to  become  of  the 
desired  size  and  quality.  In  order  to  accomplish  this  result  the  roots 
must  be  able  to  grow  and  extend  with  corresponding  rapidity,  requir- 
ing for  this  purpose  not  only  a  loose  humus  or  a  fine  sandy  soil  to  the 
depth  of-  several  feet,  but  also  the  presence  of  all  necessary  mineral 
nutrients  in  most  easily  assimilable  form.  The  soil  must,  on  the  one 
hand,  admit  air  freely  to  the  finest  rootlets  to  satisfy  the  wants  of 
respiration  and,  on  the  other  hand,  it  must  be  of  such  quality  as  not  to 
part  with  its  moisture  too  easily  in  a  period  of  dry  weather.  The  nature 
of  the  subsoil  is  also  of  great  importance,  since  when  it  is  imperme- 
able the  stagnant  water  is  just  as  detrimental  to  the  roots  as  too  great 
loss  of  water  on  account  of  excessive  permeability  of  the  soil.^ 

The  abnormal  physiological  condition  created  by  the  mutilating 
(topping  and  suckering)  of  the  plant  in  order  to  ol)tain  suitable  leaves 
for  the  requirement  of  the  tobacco  manufacturer  is  also  of  interest. 
Further  points  of  consideration  are  the  production  of  the  enzyms  neces- 
sary for  the  processes  of  curing  and  sweating  and,  finally,  the  production 


'  The  annual  total  tobacco  production  of  the  globe  is  estimated  by  Darmstiidter  to 
be  nearly  1,000,000,000  kilograms. 

^For  fall  information  on  tobacco  soils  see  Bulletin  No.  11,  Division  of  Soils, 
Tobacco  Soils  of  the  United  States,  1898,  by  Milton  Whitney.  A  tropical  temperature 
might  favor  the  development  of  the  root  in  humus  soil  to  such  an  extent  that  rela- 
tively less  of  mineral  nutrient  for  the  unit  of  soil  will  suffice  for  a  normal  plant 
development.  The  fact  that  some  tobacco  soils  of  Sumatra  contain  less  of  nutrients 
than  tobacco  soils  in  northern  countries  and  still  produce  excellent  crops  is  thus 
explained  by  A.  Mayer. 
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of  nicotine.  All  these  points  are  of  particular  interest.  Unless  all  the 
conditions  necessary  for  the  normal  development  of  the  plant  are  united 
various  dangers  menace  the  crop;  and  there  may  even  be  the  develop- 
ment of  a  singular  disease  which  annually  causes  immense  damage, 
namely,  the  mosaic  disease. 

Among  the  various  tobacco  soils  of  Connecticut  there  are  some  that 
are  better  suited  for  broad  leaf  than  for  Havana  seed  as,  for  example, 
the  soil  at  East  Hartford,  Conn.,  where  the  culture  of  the  latter  had  to 
be  given  up,  the  fine  cinnamon-brown  (jolor  not  having  been  attained 
on  this  kind  of  soil. 

The  weather  also  constitutes  one  of  the  most  imi)ortant  factors  as  to 
^the  quality  of  the  tobacco.  Too  moist  as  well  as  too  dry  years  are 
injurious;  the  latter,  however,  more  so  than  the  former,  since  the  leaves 
remain  smaller  and  grow  thick  and  become  relatively  too  heavy;  and, 
furthermore,  show  insufficient  elasticity  and  frequently  burn  i>oorly. 
In  too  moist  years  the  leaves  remain  weak,  are  attacked  easily  by 
fungi  and,  moreover,  the  aroma  of  the  tobacco  is  injured.  In  rainy 
weather,  especially  when  the  temperature  is  rather  low,  the  amount  of 
acid  in  the  leaves  is  also  increased  and  this  may  exert  a  detrimental 
effect  on  the  oxidizing  enzyms  in  the  curing  process  when  the  tobacco 
is  harvested  in  such  a  condition.  The  oxidizing  enzyms  are  the  pro- 
moters of  all  desirable  changes  in  the  curing  and  the  sweating  process. 
Variable  weather  is  the  best.  Van  Bemmelen^  says  that  the  weather 
in  Sumatra  is  generally  more  favorable  than  in  Java  where  fre- 
quently extremes  are  observed.  In  Deli,  Sumatra,  occasional  rains 
occur  even  during  the  dry  monsoon.  After  twenty  days  of  dry  weather 
a  rain  is  much  desired  there  for  tobacco.  Forty  days  of  dry  weather 
are  considered  very  injurious.  The  short  showers  falling  through  the 
period  of  tobacco  growing  are  considered  so  important  that  a  continu- 
ous record  is  kept  on  many  tobacco  plantations.  It  is  principally  the 
great  rapidity  of  development  that  causes  the  fineness  of  the  ribs  and 
veins  and  the  elasticity,  making  the  tobacco  leaves  from  Sumatra 
unsurpassed  as  wrappers.^ 

On  warm  bright  days  not  only  is  much  more  carbon  assimilated — that 
is,  more  starch,  the  mother  substance  of  all  the  other  organic  constitu- 
ents of  the  plants,  is  formed,  but  also  the  respiration  is  increased  by 
the  high  temperature,  although  not  to  such  an  extent  as  to  consume 
all  the  starch  increased  by  the  bright  light.  j^ITpfocesses  ormetabo- 
lism  are  thus  promoted  by  warm  and  bright  days,  undesirable  by- 
products may  be  destroyed  and  favorable  products  formed.  How 
difi'erences  of  temperature  influence  the  intensity  of  the  respiration 
process  may  be  seen  from  the  following  data.  While  Behrens  observed, 
for  100  grams  fresh  tobacco  leaf  at  21°  0.  (69.8^  F.),  a  production  of 
0.254  grams  of  carbonic  acid  in  ten  hours,  Deherain  and  Moissan  ob- 


'Landw.  Vera.  Stat.,  vol.  37,  p.  3S5. 

'^  Report  No.  62,  U.  S.  l>ei»urtmi'iit  of  Aj(ri<',ultiire.     M.  h.  Floyd. 


served  in  the  same  length  of  time  as  mnch  as  1.325  grams  at  40^  O. 

(107.GO  F.)— that  is,  more  than  five  times  as  much.^ 
/-^Soil,  climate,  rich  and  uniform  manuring,  careful  curing  and  proper 

fermenting  must  be  combined  in  order  to  yield  a  commercial  product  of 
[  superior  quality.  The  value  of  tobacco  depends  probably  more  largely 
Wpon  its  quality  than  is  the  case  with  any  other  farm  product. 

The  tobacco  seed  seems  somewhat  neglected  by  nature,  since  the 

r  -   — 

amount  of  reserve  material  to  support  the  young  plant  in  its  first  stage 
is  exceedingly  minute.  It  takes  21  seeds  to  weigh  1  milligram;  conse- 
quently  the  initial  growth  is  but  slow  and  much  in  disproportion  to  the 
later  energetic  development,  the  tobacco  after  being  planted  in  the 
field  often  reaching  its  full  development  in  forty-five  days  in  Florida. 
The  reserve  material  of  the  endosperm  of  the  seed  consists,  according 
to  Harz,  essentially  of  fat  and  protein  matter,  and  is,  like  the  0.6  mm. 
long  embryo,  devoid  of  starch.  The  young  delicate  plant  soon  con- 
sumes this  small  amount  of  reserve  material  and  is  forced  t«  prepare 
its  own  organic  matter  in  a  much  earlier  stage  than  is  for  instance  a 
corn,  barley,  or  bean  plant.  Unusual  care  is  required  in  the  seed  bed, 
which  if  too  moist  will  favor  fungous  diseases  among  the  young  plants. 
A  moderately  dry  soil,  occasionally  sprinkled^  is  preferable. 
^Tffuch~^a8  been  written  about  the  proper  manuring  of  the  tobacco 
field.  General  experience  indicates  that  barnyard  manure  is  here 
superior  to  all  other  fertilizers.  An  addition,  however,  of  some  super- 
phosphate of  lime,  and  carbonate  or  silicate^  of  potash  (5  parts  per 
1,000  of  barnyard  manure),  and  Chile  saltpeter  (not  over  15  parts  i)er 
1,000  of  the  barnyard  manure)  the  last  mentioned  to  be  applied  in  the 
spring  and  the  other  materials  in  the  autumn,  is  recommended  by  some. 
The  advantage  of  the  barnyard  manure  consists  in  loosening  the  soil, 
^mcreaslnjf^ts  absorptive  power  by  formatibn^Thunius' and  yielding 
■  up  its  insoluble  nourishing  comjiounds  gradually  in  a  soluble  condition. 
It  makes,  in  short,  a  uniform  nutrition  of  the  plant  during  the  entire 
season  more  easily  jiossible  than  a  mere  mixture  of  mineral  fertilizers 
.can  do.^  The  tobacco  thus  grown  is  of  the  best  quality  and  least  sub- 
ject to  the  mosaic  disease. 


^  Sand  leaves,  which  are  generally  poorer  in  respiration  material,  produced  only 
0.568  grains  at  42^0 . 

>  Sulphate  and  chlorid  are  to  be  avoided. 

3  Of  other  materials  that  have  been  applied  with  great  advantage  should  be  men- 
tioned cotton-seed  meal  and  caiitor  pomace  with  cotton-hull  ashes.  The  amount  of 
fertilizers  applied  per  acre  of  a  tobacco  field  varien  from  200  pounds  to  a  ton.  Nitrog- 
enous manures  applied  in  very  large  quantities  increase  the  percentage  of  nicotine 
and  protein  and  also,  naturally,  the  total  yield,  but  the  quality  may  be  injured. 
Thick  ribs  and  a  poor  burn  have  been  observed  in  such  cases. 

Behrens  (Landw.  Vers.  Stat.  52,  242)  calls  attention  to  the  fact  that  the  increase 
of  easily  soluble  salts  in  the  soil,  as  is  the  case  when  merely  mineral  manures  are 
applied,  leads  to  the  formation  of  thicker  leaves.  This  modified  anatomical  struc- 
ture also  caused  by  very  dry  seasons,  decreases  the  amount  of  transpiration  from 
the  leaves  Such  thick  leaves  require  a  longer  time  to  cure,  and  thus  the  danger  of 
pole  burn  and  other  fungous  diseasen  In  increased. 
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A  Havana  seed  plant,  after  topping  and  snokering,  is  generally  left 
to  develop  about  15  leaves,  while -the-Ooonecticut  eeed  leaf  i^  allowed 
to  develop  but  13,  the  latter,  however,  being  larger  than  the  former.' 
Of  one  Havana  seed  plant  with  15  leaves,  10  leaves  were  found  by  the 
writer  to  average  44  cm.  in  length  and  20  cm.  in  width,  while  the  5 
largest  leaves  averaged  52  cm.  in  length  and  24  cm.  in  width.  On 
another  field  the  length  and  width  of  all  17  leaves  of  one  plant  were 
measured  and  the  average  taken.  The  average  was — length,  45  cm.; 
width,  28  cm.  An  unusually  large  Havana  leaf  measured  75  cm.  in 
length  and  39  cm.  in  width.  The  proportion  between  the  length  and 
width  of  full-grown  leaves  varies  considerably  even  on  the  same  field. 

Two  ripe  leaves  of  medium  size  eskch  meiisuring  44  cm.  in  length  and 
24.1  and  25.5  cm.,  respectively,  in  width,  weighed  6.55  and  8.40  grams, 
respectively,  in  the  dried  state.  In  order  to  determine  the  weight  for 
1  square  meter  100  square  centimeters  were  cut  from  difl'erent  leaves, 
partly  avoiding  the  midrib  and  partly  taking  it  in.  The  fresh  weight 
varied  between  3.01  and  4.12  grams,  averaging  3.5  grams  in  the  fresh 
and  0.595  grams  in  the  dry  state.  This  would  give  tor  1  square  meter 
69.6  or  about  CO  grams.  It  nearly  agrees  with  the  result  obtained  by 
H.  J.  Patterson,  who  found  for  Maryland  tobaccos  the  maximum  aver- 
age dry  weight  to  be  (>5.5  grains.  According  to  Behrens  the  weight  of 
Sumatra  tobacc^o  leaves  varies  between  52  and  90  grams  i>er  square 
meter.*  Since  the  quantity  of  starch  differs  very  much  in  leaves  cut 
in  the  morning  and  those  cut  in  the  evening,  considerable  difference  in 
weight  should  not  surprise  us.  The  figures  given  above  refer  to  starch- 
free  leaves. 

BEMAUK8  ON   THK   CONTENTS  OP   THE   TOBAtVO   LEAF. 

• 

The  epidermis  of  the  tobacco  leaf  develops  partly  into  nonca])itate 
hairs  and  two  kinds  (long  and  short  ones)  of  capitate  gland  hairs.  The 
apical  cells  of  the  gland  hairs  contain  chlorophyll  granules  when  young 
and  generally  in  each  cell  a  radiary  group  of  calcium  oxalate  crystals. 
Later  on  the  gland  hairs  contain  resin  and  other  matters,  and  a  dilute 
alcoholic  iodine  solution  stains  the  contents  a  deep  brown.  The  dissolved 
albumin  content  in  the  plant  juice  varies  considerably  with  the  a^e  of 
the  leaf.  The  lower  or  sand  leaves  contain,  on  becoming  yellow,  but 
very  little  or  no  soluble  albumin,  while  the  full-grown  green  leaves  on 
the  same  plant  are  rich  in  it.  This  is  to  be  expected,  since  only  the 
normally  green  chlorophyll  bodies  can  produce  sufUcient  sugar  to  make 
protein  production  considerable.  The''ripe"leaves,however,arerichest 
m  soluble  albumin.    It  may  also  be  mentioned  that  tobacco  attacked 


'  In  Deli,  Sumatra,  22  leaves  are  left  when  the  tobacco  Ih  on  good  soil,  but  on  poor 
Boil  only  14  leaves  are  left.  The  leaves  in  Sumatra  reach  42-46  cm.  in  length  and 
from  31-38  cm.  in  width.     (Van  Demmelon.) 

'^ These  numbcrB  vary  very  mnch  from  the  numbers  given  by  Barth  (Landw.  Ver. 
Stat.,  vol.  30,  p.  02)  who  states  that  <lried  coarse  leaves  may  weigh  per  square 
meter  2()0  grams  ami  more.     There  may  bo  an  emu*  in  his  ealeulatious. 
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by  the  mosaic  disease  contains  mnch  less  soluble  albumin  than  normal 
leaves,  for  an  equal  surfiEMse.  The  latter  give  a  juice  which,  uiK>n  being 
heated,  forms  a  large  amount  of  flocculent  coagulum;  the  former,  how- 
ever, hardly  more  than  a  turbidity.  This  is  not  surprising,  since  the 
chlorophyll  bodies  are  affected  in  the  mosaic  disease  and  hence  can  not 
furnish  a  sufficient  amouut  of  sugar  for  an  abundant  protein  formation. 
The  fat  content  varies  considerably,  the  amount  being — other  things 
being  equal — ^probably  influenced  by  the  weather,  since  low  tempera- 
ture will  retard  growth  and  respiration  more  than  it  does  assimilation; 
hence  some  sugar  that  would  otherwise  have  been  consumed  by  respi- 
ration may  be  transformed  into  fat,  if  the  conditions  for  protein  forma- 
tion are  not  all  fulfilled  at  that  time.  The  sugar  is  the  material  from 
which  not  only  the  cellulose,  starch,  fat,  and  protein,  but  also  the  wax, 
tannin,  and  resin  of  the  leaves  are  produced. 

The  most  interest,  of  course,  is  attached  to  the  formation  of  nicotine, 
which  alkaloid,  according  to  Pinner,  has  to  be  considered  as  pyridylN- 
methyVpyrrolidine.  It  is  probably  formed  from  decomposition  products 
of  proteins  and  plays  no  further  physiological  role  in  the  plant.  The 
malic  acid  of  the  leaf  may  also  participate  in  the  synthesis  of  nicotine, 
since  nicotinic  acid  can  easily  be  reached  by  transformations  of  malic 
acid.  The  object  of  the  nicotine  production  in  the  wild  plant  is  possi- 
bly to  keep  off  depredating  enemies  among  the  insects,  but  the  amount 
of  this  poison  in  young  plants  cultivated  in  our  climate  is  too  small  to 
kill  the  insects  feeding  on  the  leaves.^  Even  the  ripe  leaver,  richest  in 
nicotine,  are  attacked  with  impunity  by  certain  caterpillars,  grasshop- 
pers, and  the  "  suck  fly,"  a  heteropterous  insect  (Dicyphus  minimus). 
The  nicotine,  according  to  Wizsnian-Leyden,  is  contained  especially  in 
the  cells  underneath  the  hairs.'^  Adolf  Mayer  found  that  the  veins 
cc^htaiu  much  less  nicotine  than  the  lamina. 

The  fresh  leaves  contain  relatively  but  little  wax,  resin,  lecithin, 
tannin,  and  calcium  oxalate,  the  latter  occurring  as  a  sandy  crystal- 
,        line  deposit,  especially  in  mesophyll  cells.    The  oxalic  acid,  as  well  as 
\       the  citric  and  malic  acids  of  the  leaves,  is  probably  an  oxid:ition  prod- 
uct of  sugar.^    A  part  of  these  acids  occurs  in  the  form  of  a  neutral, 
another  part  as  acid  salts.^    The  cell  sap,  therefore,  shows  an  acid 

'  The  amount  of  nicotine  formed  depends  largely  upon  climate  and  weather  (cf.  A. 
Mayer,  Landw.  Vera. Stat,  vol.38,  453  [1891]). 

^SUdd.  Apoth.  Zeitg.,  1898. 

^According  to  Kissling  the  amount  of  oxalic  acid  varies  in  commercial  tobaccos 
between  0.96  and  3.72  per  cent  of  the  dry  matter;  that  of  citric  acid  between  0.55 
and  8.73;  that  of  malic  acid  (in  form  of  neutral  and  also  acid  salts)  between  3.49 
and  10  per  cent.     (Chem.-Zeitung,  1899,  No.  1.) 

^Behrens  (Landw.  Vera.  Stat.  vol.  52)  found  from  5.79  to  9.79  per  cent  malic 
acid  in  form  of  soluble  salts  in  the  tobacco  leaf  (dry  matter)  and  infers  that  it  is 
the  hygroscopic  quality  of  these  salts  that  keeps  the  leaves  from  drying  up  too 
easily,  which  thus  preserve  a  certain  softness  and  elasticity.  The  more  malic  salts 
are  present  the  more  "life'*  is  in  the  finished  tobacco  leaf.  Stored  under  equal  con- 
ditions, leaves  rich  in  malic  salts  may  contain  3  per  cent  more  water  than  leaves 
poor  in  them. 


12 


reaction.  It  seems  of  special  interest  to  determine  here  the  degree  of 
acidity,  since  the  amount  of  enzyms  of  importance  in  the  caring  and 
sweating  process  may  be  decreased  by  acids.^ 

AOID  CONTENT  IN  DIFFERENT  PARTS  OF  THE  TOBACCO  PLANT. 

The  free  acid  of  the  juice  was  titrated  in  the  usual  way  by  one-tenth 
normal  soda  solution  and  calculated  as  free  malic  acid.  Although  in 
reality  this  acid  is  present  as  an  acid  salt  and  not  as  free  acid,  it 
makes  no  difference  as  to  the  number  of  uiineutralized  carboxyl  groups, 
and  the  data  obtained  can  serve  for  comparison.  The  juice  was  pre- 
pared by  grinding  the  objects  with  the  aid  of  some  pure  (quartz  sand 
and  pressing  the  pulp  through  tliiu  flannel.  The  juice  of  the  leaf  had 
to  be  mixed,  however,  previously  to  titration,  with  an  equal  volume  of 
strong  alcohol  to  precipitate  suspended  chlorophyll  grains,  otherwise 
the  point  of  neutralization  could  not  be  observed  with  sufUcient  preci- 
sion on  blue  litmus  paper,  still  less  distinctly  on  violet  litmus  paper. 
Filtration,  after  the  addition  of  the  alcohol,  was  not  found  necessary 
previous  to  the  titration. 

The  amounts  of  free  acid  in  the  different  organs  are,  of  course,  sub- 
ject to  variation  within  certain  limits,  according  to  the  atmosx)heric 
conditions  and  the  influence  of  direct  sunlight.  Thus  the  writer  has 
observed  with  the  flowers  of  Ipomwa  iriloba  that  warm  weather  with 
briglit  sunshine  diminishes  the  iicidity,  wbile  cool  and  rainy  weather 
increases  it,  whereby  the  blue  flowers  turn  red;  and  farther,  the  acid- 
ity is  greater  in  the  morning  than  in  the  evening,  which  the  writer 
also  observed  in  the  case  of  tobacco.  The  custom  of  harvesting  tobacco 
on  bright,  sunny  days  has  therefore  a  sound  physiological  foundation. 

The  following  data  were  observed : 


Part  of  plant. 


Small  roots 

Pith 

Bnrk 

Midrib  of  loaf  (evening) . . 
Midrib  of  leaf  (evening) . . 
Midrib  of  leaf  (morning)  . 

Lamina  of  ripe  leaf  a 

L:imiua  of  ripe  leaf 

Lamina  of  young  nuckors. 
Lamina  of  youu^  suckers. 


c.  c.  ^"g  soda 

Per  c€»nt 

solution 

of  free 

required  by 

malic  acid 

10  c.c.  juice 

in  juice. 

0.5 

0.033 

.8 

.052 

1.4 

.092 

1.6 

.105 

1.5 

.098 

2.1 

.138 

4.4 

.294 

4.2 

.277 

2.2 

.145 

2.4 

.156 

a  Midrib  and  largo  side  riba  removed. 


We  learn  from  tliese  numbers  that  the  least  amount  of  acid  is  con- 
tained in  the  small  roots  and  in  the  pith;  also  that  the  lamina  contain 
much  more  than  the  rib,  aiul  that  the  young  leaves  contain  less  than 
the  ripe  old  leaves.^ 

'  Certaiu  fungi,  as,  for  example,  Oospora  Nicotians^,  will  grow  on  fernipnted  tobacco 
onlj"  in  the  presence  of  some  froo  organic  (malic)  acid  (Spleudoro).  This  kIiowb  also 
in  this  respect  an  unfavorable  effect  of  the  acidity. 

-Thcfto  relations  may  differ  in  different  plants.  Thus  Kraus  luus  nhservcd  less  of 
free  acid  in  the  ]V'Sif  o( Semj}ervir urn  than  in  tlio  root. 
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RIPENING   OF    THE   TOBACCO   LEAF. 

The  ripening  process,  in  a  normal  physiological  sense,  refers  to  the 
fruit  and  implies  the  normal  formation  of  the  embryo  and  the  filling  up 
of  the  reservoirs  of  the  fruit  with  the  proper  material  for  the  young 
growing  plant.  The  ripening  of  the  tobacco  leaf  on  a  topped  and 
suckered  plant,  however,  implies  an  abnormal  accumulation  of  organic 
matters  in  the  leaves,  brought  on  by  preventing  their  transportation  to 
the  forming  seeds  and  shoots  or  suckers,  which  would  otherwise  have 
consumed  a  great  deal  of  these  substances.  The  ^^  ripening  ^^  of  the 
tobacco  leaf  is,  in  other  words,  not  a  physiological,  but  a  pathological 
phenomenon.  By  the  accumulation  of  nicotine,  oxidizing  enzyms,  and 
acids  a  state  is  finally  reached  in  which  the  normal  deep  green  color 
of  the  chlorophyll  grains  gives  way  to  a  yellowish  color.f"  A  "ripe"  leaf 
contains  per  100  square  centimeters  an  average  of  0.164  gram  of  mat- 
ter soluble  in  boiling  water,  while  a  young  leaf  contains  only  0.066,  the 
former  having,  therefore,  for  an  equal  surface  about  2.5  times  as  much 
soluble  organic  matter  as  the  latter.  As  to  the  total  weight,  a  ripe 
leaf  weighs  from  1.3  to  1.5,  on  the  average  1.4,  times  as  much  as  an 
equal  surface  of  a  young  leaf  of  the  same  plant.  It  is  especially  the 
nicotine  and  i)rotein  compounds  that  increase  in  the  ripe  leaf,  a  fact  of 
which  anyone  can  soon  convince  himself  by  a  comparison  of  the  reac- 
tion caused  by  x)hosphotungstic  acid  in  the  juices  of  ripe  and  unripe 
leaves.  The  amount  of  water  in  ripe  leaves  averages  roughly  83  per 
cent  and  in  young  leaves  88  per  cent,  that  is,  when  compared  in  nearly 
starch  free  condition  after  being  kept  for  two  days  in  darkness. 

But  it  is  not  only  the  increase  (relative  and  absolute)  of  reserve 
materials  and  of  products  of  metabolism  that  is  brought  on  by  topping 
and  suckering;  it  is  also  the  enlargement  of  the  leaf  surface,  which  may 
amount  to  over  50  per  cent  above  the  normal.  The  suckering  exerts 
these  infiuences  to  a  higher  degree  than  the  topping  (Behrens).  A 
further  influence,  due  to  differences  in  topping,  has  been  observed,  low 
tojyjiiig  producing  thicker  leaves  than  high  topping. 

An  important  factor  is  the  proper  time  for  topping  and  suckering. 
The  suckers  must  be  removed  neither  too  soon  nor  too  late.  In  the 
former  case,  too  much  protein  would  be  left  in  the  full-grown  leaf;  in  the 
latter,  too  much  nicotine  might  be  lost  from  it.  Goff  observed  that  in 
moderate  climates  the  tobacco  leaves  increased  in  weight  at  least  to 
the  thirty  second  day  after  the  topping  had  been  performed.  A  ripe 
leaf  is  recognized  by  the  planter  not  only  by  the  setting  in  of  a 
yellowish  coloration  and  a  peculiar  rough  feeling  to  the  touch,  but  also 
by  the  facility  with  which  the  lower  epidermis  peels  off  and  the  leaves 
break  ("snap")  when  folded  between  the  fingers. 

As  to  the  so-called  "overripe"  leaves,  they  contain,  like  the  young 
leaves,  relatively  more  water  and  less  organic  matter  than  the  ripe 
leaves.  By  the  stoppage  of  the  functions  of  the  chlorophyll  grains, 
which  gradually  change  in  the  overripe  leaves,  new  production  c 
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organic  matter  is  prevented,  while  consumption  still  proceeds.  With 
the  young  leaves  it  is  the  growth,  besides  the  respiration,  that  con- 
sumes material  and  prevents  its  accumulation. 

In  comparing  the  undiluted  juices  of  overripe  and  ripe  leaves,  great 
differences  can  at  once  be  noticed  by  adding  a  double  volume  of 
alcohol  or  phosphotungstic  acid,  the  ripe  leaves  yielding  a  much  more 
copious  precipitate  than  the  overripe  ones.  The  juice  of  ripe  leaves  is, 
further,  more  slimy  and  more  acid.  From  the  central  part  of  the  leaves 
100  sq.  cm.  were  cut  out  of  each  side  of  the  midrib  and  ground  with  some 
quartz  sand  and  10  c.  c.  of  water  to  a  fine  pulp  in  a  mortar  and  directly 
titrated,  after  the  addition  of  10  c  c.  of  strong  alcohol.  The  result  was 
as  follows: 


u  «  -5- «wi«' Content  of 
ic.o.  jQBOda  froemaUo 

•ointion    i     Aoid  in 
for  200  aq.  j  100  sq.  cm. 
cm.  of  leaf. I     of  leaf. 


Gram, 

Ripeiipper  leaf 3.8  0.012 

Sand  or  lo-n-er  leaf 3.0  I  .010 


From  the  center  of  another  field,  ripe  upper  leaves  and  lower  or  sand 
leavers  of  the  same  plant  were  collected.  The  lower  leaves  were  of  a 
lighter  green  than  the  upper  ones.  The  juices  were  prepared  as  usual, 
and  10  c.  c.  titrated.  The  juice  of  the  upper  leaves  required  4.2  c.  c.  of 
one-tenth  normal  soda  solution,  while  that  of  the  lower  leaves  required 
but  3.2  c.  c.  Since  it  is  tbe  sugar  principally  that  gives  rise  to  the 
formation  of  acid,  we  should  not  be  surprised  at  finding  more  acid  in 
the  upper  leaves  than  in  the  lower,  as  the  production  of  sugar  and 
starch  depends  upon  the  access  of  light  to  the  chloiophyll  bodies.' 

Well-ripened  leaves,  rich  in  oxidizing  enzyins  and  in  nicotine,  and 
very  rich  in  soluble  matter  generally,  will  yield  when  normally  cured 
the  so-called  **  gummy  "  leaves  with  a  well-developed  "  grain,"  and  after 
a  thorough  sweating  a  fine  aroma,  while  unripe  leaves  will  show  injuries 
after  the  sweating  process  and  yield,  like  the  sand  leaves  and  overripe 
leaves,  an  inferior  product.  Hence,  the  single-leaf  curing  process  would 
be  preferable  to  the  method  of  curing  on  stalk,  since  the  overripe,  ripe, 
and  unripe  leaves  are  in  the  latter  method  harvested  together,  to  be 
cured  under  equal  conditions. 

It  is  not  the  object  of  this  re[)ort  to  give  an  exhaustive  critical  com- 
parison of  these  two  methods.*^  Where  labor  is  very  expensive,  the 
method  of  single-leaf  curing  may  be  out  of  the  question.  The  same 
may  be  said  for  the  priming  of  the  very  large  leaves  of  Connecticut 
seed-leaf  tobacco.    Here  in  the  removal  of  the  lower  leaves  at  their 


1  In  organs  free  of  chlorophyll,  as  the  flowers,  the  direct  sunlight  can,  on  tbe  con- 
trary, exert  a  diminishing  effect  on  the  amount  of  acid. 

•2  The  chemical  analysis  of  fully  ripe  leaves  cured  after  these  two  methods  does 
not  show  ebHeutial  differences.     (Behrens.) 
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ripening  stage  the  upper  leaves  may  easily  be  broken  or  lacerated,  thus 
leading  to  a  considerable  loss. 

The  single-leaf  curing,  a  process  that  seems  to  grow  more  and  more 
in  favor  with  the  farmers  in  certain  States,  takes  one-third  less  time 
than  stalk  curing,  permits  the  harvesting  of  about  double  as  many 
leaves  as  the  curing  on  the  stalk,  gives  a  more  uniform  product,  and 
permits  the  gathering  of  top  suckers,  which  may  form  good  wrappers.* 
The  stalk  is  here  longer  in  the  field  and  continues  to  produce  healthy 
leaves  from  the  suckers. 

BNZYMOLOGY  OF  THE  TOBACCO  PLANT. 

The  important  physiological  r61e  of  enzyms  for  every  organism  is 
well  known.  Some  enzyms  are  found  in  all  organisms,  others  only  in 
a  few,  and  some  may  even  occur  only  in  one.  Three  physiological 
groups  of  enzyms  can  be  distinguished:  (1)  Such  as  are  most  inti- 
mately and  directly  connected  with  the  nutritive  processes,  as  diastase 
and  proteolytic  enzyms;  (2)  such  as  bring  on  coagulation — the  clotting 
enzyms,  as  pectase  and  thrombase;  and  (3)  such  as  cause  oxidation — 
that  is,  the  oxidases. 

It  was  to  be  expected  from  analogy  that  enzyms  of  the  first  and  third 
groups  would  occur  in  the  tobacco  plant,  and,  since  the  activity  of  the 
enzyms  is  not  only  of  physiological  value  to  this  plant  itself,  but  in  this 
case  is  also  of  practical  importance  to  the  tobacco  planter,  it  was  impor- 
tant to  prove  their  presence  beyond  a  doubt.  Two  oxidizing  enzyms 
have  been  shown  by  the  writer  to  exist  in  tlie  tobacco  plant,'^  and 
recently  a  third  one  has  also  been  observed.  This  will  be  described 
iiirtheron. 

DIASTASE  IN  THE   TOBACCO  LEAF. 

The  disappearance  of  starch  in  the  early  part  of  the  curing  process 
is  due  to  the  presence  of  diastase.  Lt  has  been  asserted  that  diastase 
does  not  occur  in  leaves  and  that  protoplasm  itself  is  capable  of  doing 
the  same  work.''  This  appears  very  improbable,  since  both  starch  and 
protoplasm  are  insoluble  in  water.  It  is,  however,  somewhat  difficult 
to  demonstrate  the  presence  of  small  quantities  of  diastase  in  the  juice 
of  leaves,  since  some  can  easily  be  retained  by  the  pressed  residue. 
Brown  and  Morris  have  observed  that  powdered  leaves,  if  directly 
digested  with  some  starch  paste,  gave  adiastatic  action  of  much  greater 
intensity  than  was  obtained  when  juice  corresponding  to  that  amount 
of  leaf  substance  was  applied. 


1  This  method  is  practiced  extensively  by  Mr.  G.  Barnes,  of  Hatfield,  Mass. 

'Report  No.  59,  U.  8.  Department  of  Agriculture. 

3  Wortman  observed  that  leaves  killed  with  chloroform  or  kept  in  an  atmosphere 
of  carbonic  acid  show  no  decrease  of  starch,  and  hence  inferred  the  absence  of  dias- 
tase in  leaves;  but  this  is  not  justified,  for  several  reasons.  Recently  it  has  been 
shown  by  A.  F.  Woods  that  diastase  is  easily  changed  by  oxidizing  enzyms.  Fur- 
thermore, Vines,  and  also  Jentys,  have  given  new  proofs  of  the  presence  of  diastaee 
in  leave8.F 
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The  preseuce  of  diastase  in  the  tobacco  leaf  was  demonstrated  by 
the  writer  as  follows:  Four  large  healthy  leaves  were  well  crashed  in 
a  mortar  with  some  sand  and  pressed.  The  filtered  juice  was  precipi- 
tated with  alcohol,  and  the  precipitate,  after  being  washed  with  alcohol 
of  90  per  cent  and  pressed  between  filter  paper,  was  digested  with  10 
c.  c.  of  highly  diluted  starch  paste  at  60°  C.  (140°  F.).  The  iodine  test, 
applied  to  a  drop  of  the  liquid  on  a  white  porcelain  plate,  showed  that 
the  starch  gradually  diminished  and  disappeared  after  two  hours. 
Leaves  kept  for  eight  days  in  darkness  and  near  death  by  starvation 
did  not,  when  so  examined,  show  any  diastase  content.  This  would 
probably  also  prove  the  case  with  leaves  from  the  curing  bam.  The 
destructive  effect  of  oxidase  on  diastase  (Woods)  comes  into  play  here. 

PROTEOLYTIC   BNZYM  IN  THE   TOBACCO  LEAF. 

The  decrease  of  protein  in  the  tobacco  leaf,  while  curing  is  going  on, 
can  be  ascribed  only  to  a  proteolytic  enzyra.  The  amount  of  it,  how- 
ever, is  probably  small,  since  the  coagulable  albumin  contained  in 
the  juice  of  tobacco  leaves  decreases  very  slowly;  even  after  several 
weeks  leaves  taken  from  the  barn  may  show  some  of  it.  It  may 
be  possible  that  the  oxidizing  enzyms  injure  this  enzym,  as  they  do 
the  diastase,  and  thus  prevent  an  accumulation  beyond  mere  traces 
in  the  fresh  leaf.  Many  authors  have  encountered  difiiculties  in 
attempting  to  i>rove  the  presence  of  proteolytic  enzyms  in  green  leaves 
and  fruits.  One  of  the  causes  ot  this  failure  may  be  that  blood  fibrin, 
or  coagulated  egg  albumen,  has  been  used  for  the  test;  while  certain 
proteolytic  enzyms  may  exist  which  can  easily  i)ei)tonize  dissolved 
albumen  without  being  capable  of  dissolving  fibrin  or  coagulated 
albumen.  Indeed,  there  may  exist  a  great  variety  of  proteolytic 
enzyms.  Thus,  Bour(]uelot  and  Hdrissey  have  shown  an  enzym  to  exist 
in  fungi  which  is  capableof  easily  digesting  casein,  while  it  can  not  dis- 
solve fibrin.  The  writer's  experiments  with  casein  and  fibrin,  in 
attempting  to  prove  the  presence  of  a  proteolytic  enzym  in  the  fresh 
tobacco  leaf,  were  not  conclusive,  no  visible  solution  of  these  proteins 
taking  place  when  digested  for  several  days  at  40^  G.  The  method  of 
Fermi  and  Buscaglioni  also  proved  unsuccessful.  These  authors  recom- 
mend a  gelatin  solution  that  solidifies  at  the  ordinary  temperature.  The 
liquid  to  be  tested  is,  in  the  presence  of  an  antiseptic  substance,  left 
upon  the  gelatin  in  the  test  tube  for  several  days.  The  presence  of 
even  a  trace  of  proteolytic  enzyms  will  soon  be  indicated  by  the  lique- 
faction of  the  gelatin  below  the  line  of  demarcation.  The  principal 
objection  which  may  here  be  raised  is  that  proteolytic  enzyms  may 
exist  which  can  act  on  gelatin  only  at  a  higher  temperature — that  is, 
above  the  temperature  20^  to  22°,  at  which  the  usual  gelatin  prepara- 
tion liquefies  by  melting. 

In  tlie  following  experiment  the  test  recommended  by  Miirtz  was 
adopted.    Ten  fresh  and  10  starved  leaves,  of  a^  nearly  the  same  size 
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as  possible,  were  rabbed  with  saud  to  a  fiue  pulp  uud  the  jaices  pressed 
out.  A  portion  of  each  of  these  juices  was  kept  separate  as  control, 
while  the  chief  [)ortions  were  mixed  with  an  equal  volume  of  a  solution 
of  albumin.  This  solution  was  obtained  by  pressing  the  white  of  an 
egg  through  linen,  diluting  the  liquid  with  fifteen  times  its  bulk  of 
water  and  filtering.  A  portion  of  the  albumin  solution  was  also  diluted 
with  an  equal  volume  of  water  and  kept  for  control.  All  liquids  were 
kept  at  from  18^  to  22^  G.  in  closed  test  tubes  which  had  received  an 
addition  of  ether  to  exclude  bacterial  development.  After  nine  days 
the  filtered  liquid  received  an  addition  of  some  nitric  acid  and  the  pre- 
cipitate formed  was  left  one  day  to  settle.  The  volume  of  the  precipi- 
tate showed  a  moderate  decrease  in  the  juice  of  the  fresh  leaves  and  a 
considerable  decrease  (about  one-half)  in  that  of  the  starved  leaves; 
therefore  the  existence  of  a  proteolytic  enzym  can  not  be  doubted,  but 
it  differs  from  the  ordinary  trypsin,  inasmuch  as  it  can  not  attack 
fibrin  and  casein  under  ordinary  conditions,  while  it  can  attack  dis- 
solved albumin. 

As  to  the  first-mentioned  control  cases  of  the  juices  which  had  not 
received  the  addition  of  egg  albumin,  the  soluble  albumin  originally 
present  as  reserve  matter  in  the  juice  was  found  fully  digested  in  the 
juice  of  the  starved,  but  not  yet  completely  so  in  that  of  the  fresh 
leaves. 

IS  A  CELLULOSB-DISSOLVING  ENZYM  (CYTASE)  PRESENT   IN  TOBACCO 

LEAVES  f 

Cytohydrolytic  enzyms,  especially  such  as  easily  attack  hemicellu- 
loses,  occur  in  phanerogamous  plants  and  are  not  identical  with 
diastase,  as  Newcombe'  has  demonstrated.  lie  found  such  an  enzym 
in  the  cotyledons  of  seedlings  of  PhoBnix  dactylifera  and  of  Lupinus 
albus  and  confirmed  its  presence  in  the  malt  of  Hordeum  vulgare. 

Parasitic  fungi,  such  as  eat  through  wood,  must  contain  enzyms 
which  dissolve  the  genuine  cellulose  with  great  facility.  Various 
observations,  especially  those  of  Dr.  Erwiu  F.  Smith  on  bacteria  acting 
as  plant  parasites,  leave  no  doubt  as  to  the  occurrence  of  such  enzyms 
also  in  certain  species  of  bacteria. 

The  fact  that  tobacco  leaves  lose  more  or  less  of  their  original  degree 
of  teuivcity  and  cohesion,  and  even  show  holes  when  subjected  to 
sweating  in  a  too  moist  condition,  appears  to  find  a  simple  explanation 
in  the  action  of  bacteria,  which  may  occur  in  the  presence  of  too  much 
moisture.  But  it  would  have  to  be  assumed  that  cellulose  dissolving 
bacteria,  of  which  not  many  kinds  are  known,  are  always  present 
whenever  too  much  water  is  applied  to  the  tobacco.  It  was  therefore 
of  interest  to  test  whether  cytase,  which  has  been  shown  to  be  present 
in  certain  germinating  seeds,  was  also  contained  in  the  tobacco  leaf 
itself,  or  whether  it  was  eventually  formed  from  another  enzym  in  the 
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process  of  curiug;  in  other  words,  whether  the  abnormal  softening  of 
the  leaves  was  accomplished  without  the  action  of  bacteria.  Parts 
of  cured  tobacco  leaves  and  of  fresh  leaves,  the  latter  previously 
dried  at  45^  C,  were  therefore  moi8teue<l  with  water  and  left  for  twelve 
days  at  from  45^  to  50^  C.  in  test  tubes  with  as  little  20  per  cent  alcohol 
as  sufficed  to  cover  them.  Bacterial  development  was  thus  excluded, 
but  not  the  action  of  enzyms.  Vapor  of  chloroform  in  closed  flasks  was 
also  used  in  place  of  the  20  per  cent  alcohol.  The  result  was  that  the 
green  leaves  (healthy  as  well  as  mosaic  diseased  leaves)  did  not  show 
any  decrease  of  tenacity,  but  the  cured  leaves  did,  although  only  to  a 
slight  degree.  From  sweated  leaves  a  concentrated  extract  was  now 
made  at  the  ordinary  tem]>erature,  a  second  portion  of  leaves  being 
extracted  with  the  first  extract  obtained,  and  so  on  until  the  fourth 
portion  was  extracted  with  the  same  water.  The  concentrated  extract 
thus  obtained  was  saturated  with  ammonium  sulphate,  whereby  a 
copious  precipitate  of  proteins  of  a  very  dark  brown  color  was  formed. 
This  precipitate  was  freed  of  most  of  the  adhering  salt  solution  by 
pressure  between  filter  paper,  dissolved  in  a  little  water,  and  in  pres- 
ence of  chloroform  i>ermitted  to  act  for  five  days  on  a  small  piece  of 
fermented  leaf  at  50^  C.  Although  bacterial  growth  was  here  suc- 
cessfully prevented,  the  leaf  was  very  much  softened  and  lost  most 
of  its  former  tenacity.  Nevertheless,  the  writer  is  not  yet  fully  pre- 
pared to  give  a  decisive  answer  as  to  the  nature  of  the  cellulose  injur- 
ing agency  in  the  sweating  leaf.^ 

TEST  FOE  OXIDASE  AND  PEROXIDASE  IN  THE  FRESH  TOBACCO  LEAF. 

Although  in  report  No  59  (p.  28)  the  way  of  testing  for  the  oxidiz- 
ing enzyms  of  tobacco  was  mentioned,  some  further  remarks  on  this 
subject  will  not  be  superfluous  for  those  who  intend  to  make  further 
observations  on  these  enzyms.  The  principal  reagent,  as  has  been 
mentioned,  is  guaiac  resin  in  absolute  alcoholic  solution,  which  gives  a 
blue  coloration  when  oxidase  is  present  and,  in  connection  with  hydro- 
gen peroxide,  a  blue  coloration  when  peroxidase  is  present. 

While  the  test  for  oxidase  and  peroxidase  in  the  stalk  and  ribs  of 
leaves  can  be  directly  applied  to  the  objects  themselves,  there  is  some 
difficulty  encountered  in  the  lamina,  since  the  green  color  of  the  chloro- 
phyll interferes  with  the  recognition  of  the  pure  blue  reaction.^  Further- 
more, when  the  juice  is  prepared  by  rubbing  the  leaf  to  a  pulp  and 
pressing  this  through  flannel,  it  will  contain  so  many  chlorophyll  gran- 
ules in  suspension  that  the  juice  has  to  be  filtered  through  filter  paper. 


'Bumke  aud  WolffenKtein  have  recently  foniul  that  celluloso  is  comparatively 
easily  chauged,  andei  certain  conditionH,  hydralcelhiloHO  being  formed.  Perhaps 
a  similar  action  takes  place  in  the  sweating  leaf  when  too  much  mointarc  is  present 
aud  the  oxidizing  enzyms  act  upon  tht/  cellalose  walls. 

'The  blue  reaction  may  be  distinguished  to  some  extent  in  the  loaf  by  applying 
^'eagent  to  the  spongy  tissue  after  the  removal  of  the  lower  epidermis. 
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This  filtering,  however,  proceeds  so  slowly  that  a  brown  coloration  is 
meanwhile  developed  by  oxidation.  By  mixing  the  juice,  however, 
with  an  equal  (juantity  of  90  per  cent  alcohol^  or  by  rubbing  the  lam- 
ina in  a  mortar  with  au  addition  of  50  per  cent  alcohol — whereby  pro- 
teins and  other  matters  are  precipitated — a  larger  amount  of  clear  61 
trate  ready  for  the  test  is  soon  obtained. 

It  is  often  preferable  to  dry  the  leaf  at  a  temperature  of  from  40^ 
to  450  0..  grind  it  to  a  fine  powder,  extract  this  for  a  short  time  with 
cold  water,  and  apply  the  tests  to  the  filtrate.  It  need  hardly  be  men- 
tioned that  the  juices  of  the  pith  or  of  the  main  ribs  of  the  leaves  can 
serve  directly  for  the  tests.  They  filter  easily  and  do  not  darken  as 
readily  as  the  juices  from  the  lamina. 

In  regard  to  the  guaiac  blue,  it  may  be  mentioned  that  it  sometimes 
fades  out  soon  after  its  formation.  Tliis  may  be  due  to  tannin  and 
other  reducing  compounds;  it  seems  not  to  be  due  to  another  euzym. 

ABE   THE  TOBACCO  OXIDASE  AND  PEROXIDASE  KINDS  OF   PROTEINS f 

These  enzyms  belong  neither  to  the  coagulable  albumins  nor  to  the 
nucleoproteids.  The  latter  are  precipitated  by  dilute  acids,  but  since 
the  juice  of  green  tobacco  leaf  is  of  moderate  acid  reaction,  it  can  not 
contain  ordinary  nucleoproteids  in  solution.  Even  upon  the  addition 
of  1  per  cent  of  acetic  acid  to  the  juice,  no  nucleoproteids  are  precipi- 
tated. If,  as  Spitzer  has  recently  claimed,  the  peroxidase  of  mammalia 
is  a  nucleoproteid,  we  must  assume  a  considerable  difference  between 
the  peroxidase  of  mammalia  and  that  of  tobacco,  and  probably  of  other 
vegetal  sources. 

The  following  tests  show,  further,  that  oxidase  and  peroxidase  do  not 
belong  to  the  coagulable  albumins.  The  freshly  expressed  and  filtered 
juice  of  the  tobacco  leaf  yields  upon  heating  to  54°  C.  a  copious  coagu- 
lum  of  albumin,  while  the  filtrate  therefrom  gives  a  strong  reaction  for 
oxidase  and  peroxidase.  On  further  heating  this  filtrate  to  65^  C  for 
a  second,  another  but  a  very  insignificant  coagulation  is  observed.  The 
filtrate  of  this  precipitate  still  yields  both  reactions,  but  it  may  now  be 
heated  to  the  boiling  point  without  giving  a  coagulum.  Further,  when 
green  tobacco  leaves  are  dried  at  a  temperature  of  50°  0.,  pulverized, 
and  extracted  with  ten  times  the  weight  of  cold  water  for  thirty  min- 
utes, a  filtrate  of  weak  acid  reaction  is  obtained  which  contains  mere 
traces  of  albumin.  Nevertheless,  it  gives  the  peroxidase  reaction  with 
guaiac,  even  after  heating  for  a  second  to  85^  C.  (not  to  90°  C).  This 
solution  was  heated  for  a  few  seconds  to  a  temperature  of  66^  C  and 
the  slight  turbidity  removed  by  filtration,  after  which  the  cooled  filtrate 
was  saturated  with  ammonium  sulphate,  whereby  a  dark  precipitate 
was  formed.  This  contained  the  oxidase  and  peroxidase  and  a  part  of 
the  brown  coloring  matter  of  the  original  extract,  while  the  filtrate 
yielded  no  trace  of  the  guaiac  reactions.  After  being  freed  as  far  as 
possible  from  the  adhering  liquor,  by  pressing  between  sheets  of  filter 
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paper,  the  precipitate  was  easily  dissolved  in  water.  This  solution  not 
only  gave  intense  reactions  for  oxidase  and  peroxidase,  bat  yielded  also 
a  precipitate  with  alcohol  and  gave  Millon's  reaction ;  the  biuret  reac- 
tion, however,  was  impelled  by  the  dark  color  of  the  liquid.  Both 
oxidase  and  peroxidase,  therefore,  seem  to  have  the  main  character  of 
albumoses.  It  follows,  theu,  that  the  animal  oxidase  must  differ  from 
the  vegetal,  since  Abeloos  and  Biarnes  believe  the  former  to  be  a  kind 
of  globulin.'  When  the  aqueous  extract  of  dried  tobacco  leaves  is 
neutralized,  a  small  amount  of  precipitate  is  obtained,  containing,  among 
other  things,  lime  salts,  and  a  part  of  the  oxidase  mechanically  carried 
down. 


BBHAVIOB  OF    OXIDIZING  BNZYMS   TOWABD  INJURIOUS   COMPOUNDS. 

The  supposition  might  be  entertained  that  oxidase  and  peroxidase 
are  chemically  closely  related,  the  latter  representing,  perhaps,  a  deriva- 
tive of  the  former.  Peroxidase,  however,  resists  not  only  a  higher 
degree  of  heat  than  oxidase,  but  also  is  less  easily  injured  by  poisons. 

In  comparing  tobacco  oxidase  with  tobacco  i>eroxidase  in  their 
behavior  toward  noxious  compounds,  a  solution  of  the  former  was  pre- 
pared in  the  manner  formerly  described,^  and  its  reaction  compared 
with  the  oxidase  reaction  in  fresh  tobacco  juice  after  addition  of  various 
solutions  of  known  strength.^  Before  making  the  tests  care  was  taken 
to  have  a  neutral  or  only  slightly  acid  reaction,  as  guaiac  blue  is  easily 
altered  by  various  Influences,  and  especially  by  mineral  acids  and  alka- 
lies. Also,  certain  organic  substances  of  comparatively  weak  acid 
qualities,  like  tannin,  can  prevent  the  reaction.  Acetic  acid,  in  higher 
concentration  than  2  per  cent,  interferes  with  the  production  of  the 
guaiac  blue. 

The  following  table  shows  the  results  obtained: 


Keagent. 


Acetic  acid,  8  per  cent 

Acetic  acid,  1  per  cent 

Hydrocliloiic  acid,  0.5   per 

cent. 
Sulphur   dioxide,   0.25    per 

cent. 
Ammonia,  0.3  per  cent  a 


Potaasinm  hydroxide,  0.3  per 
cent,  a 

Free  nicotine,  1  per  cent 

Formaldehyde,  5  per  cent — 


Oxidase. 


Peroxidaae. 


Killed  within  5  hours !  Reaction  much  weaker  after  24  hours. 

Killed  within  24  hours Reaction  weaker  after  24  hours. 

Killed  immediately 


.do 


But  little  altered  after  24 

hours. 
Considerably  decreased 

after  2  days. 

Killed  in  24  hours 

do 


'  Killed  immediately. 

Unchanged  after  24  houm. 

Unaltered  after  48  hours. 

Do. 

Do. 
Do. 


a  In  these  cases  the  fresh  juice  was  neutralised  before  adding  the  above  percentage. 

^  Compt.  Rend.  Soo.  Biol.,  vol.  40,  p.  493. 

« Report  No.  59,  U.  S.  Department  of  Agricniture,  p.  29. 

3  A  colorless  eolation  of  the  tobacco  ozidaees  can  not  be  obtained  from  the  lamina 
of  the  tobacco  leaves,  since  the  Juice  turns  brown  very  soon,  but  it  may  be  obtained 
from  the  midrib  by  grinding  it,  expressing  the  pulp,  and  filtering  the  liquid,  fiy 
heating  a  moment  to  65^  C.  (149^^  F.),  the  albuminous  matters  coagulate  and  a  clear, 
''^lorless  filtrate  is  obtained  which  turns  yellow  but  slowly. 
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It  may  be  added  that  ammoninm  oxalate  (5  per  cent)  bad  no  dele- 
terioas  efifect  upon  oxidase  after  two  days;  bat  nicotine  tartrate  in  a  5 
X>er  cent  solution,  and  quinine  acetate  in  a  0.5  per  cent  solution,  seemed 
to  damage  the  oxidase  after  four  days,  although  but  very  little. 

KtLLING  TEMPEBATITBE  OP  OXIDIZING  ENZYMS. 

The  temx>eratures  thus  far  observed  which  render  enzyms  inactive 
are  not  constant  under  all  conditions;  the  acidity  of  the  plant  juice, 
the  degree  of  dilution,  the  duration  of  the  heating,  and  the  presence 
of  certain  salts  have  a  modifying  influence  on  the  height  of  the  tem- 
perature at  which  the  change  to  the  inactive  modification  takes  place. 
It  is  to  be  regretted  that  authors  have  not  always  mentioned  the  con- 
ditions and  the  duration  of  the  heating.  The  oxidase  of  the  stalks  of 
the  sugar  cane  is  killed  at  60^  G.  (UQo  F.),  the  peroxidase  of  it  at  95^  G. 
(203<^  F.),  according  to  Eaciborski.  Tyrosinase,  an  oxidase  easily  oxi- 
dizing tyrosine  to  a  dark  substance,  is  injured  at  50^  G.  (122^  F.)  and 
killed  below  70^  G.  (158o  F.),  according  to  Bertrand.  Laccase,  an  oxi- 
dase of  widespread  occurrence,  is  killed  at  63^  C.  (146.4o  F.).  Oenoxi- 
dase  loses  haif  of  its  oxidizing  power  at  72°  G.  (I6I.60  F.)  within  four 
minutes,  and  at  55^  G.  (13 1<^  F.)  in  one  and  one-half  hours.  The  oxi- 
dase of  mammalia  is  killed  at  from  80^  to  85^  G.  (Abelous  and 
Biarn^s.) 

The  influence  of  the  duration  of  the  heating  is  shown  by  the  follow- 
ing test.  The  killing  temperature  of  the  oxidase  in  the  juice  of  the 
tobacco  leaf  was  repeatedly  found  to  be  irom  66°  G.  to  67°  G.  when 
the  juice  was  diluted  (one  part  dried  leaf  to  twenty  parts  of  water) 
and  the  solution  heated  for  three  minutes.  But  in  heating  it  for  a 
second  only  a  much  higher  temperature  may  be  endured.  Gertain 
salts,  as  ammonium  sulphate,  and  also  traces  of  free  ammonia,  increase 
the  resistance,  while  acids,  even  in  small  quantities,  decrease  it.  The 
juice  of  the  midrib  contains  less  acid  than  that  of  the  lamina,  and  con- 
sequently it  takes  a  temperature  several  degrees  higher  to  kill  the 
oxidase  in  the  former  than  in  the  latter,  but  on  being  neutralized  the 
latter  may  be  safely  heated  for  a  moment  to  75^  G.  The  addition  of 
alcohol  decreases  the  power  of  resistance.  Thus  an  addition  of  33  per 
cent  of  alcohol  to  a  neutralized  solution  of  oxidase  will  depress  the 
killing  temperature  about  2^  G. 

The  following  tests  were  made  with  peroxidase:  Fresh  tobacco  leaves 
were  ground,  with  the  addition  of  some  sand  and  a  little  water,  and 
the  pulp  expressed.  The  residue  was  now  left  for  some  hours  in  con- 
tact with  water  to  which  0.5  per  cent  acetic  acid  was  added,  and 
expressed  again.  The  filtrate  thus  obtained  was  exactly  neutralized 
with  dilute  caustic  soda.  It  gave  only  a  very  faint  reaction  for  oxidase, 
but  an  intense  reaction  for  peroxidase.  To  one  portion  (20  c.  c.)  was 
added  one-half  its  volume  of  absolute  alcohol;  to  another  10  per  cent 
of  ammonium  sulphate.    Upon  heating  in  a  water  bath  it  was  found 
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tbat  the  peroxidase  in  the  alcohol  mixture  was  killed  at  a  temperature 
of  70^  kept  up  for  a  few  seconds,  while  in  the  mixture  containing  the 
ammonium  sulphate  the  enzym  was  not  killed  after  heating  the  mixture 
for  a  short  time  to  93^  C.  In  the  control  solution  the  enzym  was  killed 
at  870  G.  after  three  minutes. 

Griiss  encountered  in  some  vegetable  objects  an  oxidane  that  resists 
the  action  of  boiling  absolute  alcohol.    He  designates  it  as  ;^-oxidase. 

That  such  an  oxidizing  enzym  exists  which  can  resist  even  boiling 
absolute  alcohol  might  appear  strange.  Bat  when  we  consider  that 
the  action  of  absolute  alcohol  consists  in  the  first  place  of  depriving 
the  objects  of  water,  and,  further,  that  dried  enzyms  resist  a  much 
higher  temperature  than  enzyms  in  the  moist  or  dissolved  state,  that 
observation  loses  its  singularity.  It  may  here  be  pointed  out  that 
recent  investigations  of  bacteriologists  have  proved  that  certain  kinds 
of  bacteria  also  succumb  much  more  easily  to  alcohol  of  50  per  cent 
than  to  absolute  alcohol.  Proto[)lasm  of  a  high  density  which  can 
resist  drying  is  much  less  accessible  to  poisonous  actions  when  dry  than 
when  moist.^  The  writer  has  also  observed  that  the  oxidase  in  the 
tobacco  leaf  resists  a  higher  temperature  when  the  leaf  is  itself  warmed 
with  some  absolute  alcohol  than  when  the  dilute  leaf  juice  is.  How- 
ever, a  prolonged  contact  with  absolute  alcohol  will  doubtless  kill 
the  oxidase.  Here,  also,  the  peroxidase  resists  much  better  than  the 
oxidase. 

CAN  THE  AMOUNT  OP  OXIDASE  BK  INORBASBD  BY  SPBCIPIO  MANURING! 

Since  Bertrand  and  Villiers  have  found  some  manganese  is  a  regular 
ash  constituent  of  the  oxidases^  and  since  it  seems  justifiable  to  attrib- 
ute to  that  circumstance  an  essential  influence  on  the  specific  actions 
of  the  oxidases,  it  was  of  some  interest  to  try  to  discover  whether  an 
increase  of  manganese  in  the  soil  would  lead  to  an  iniTcase  of  the 
oxidizing  enzyms  in  the  tobacjco  plant.  Therefore  a  0.1  per  milie  solu- 
tion of  manganese  sulphate  w«s  repeatedly  used  to  water  some  tobacco 
plants,  each  of  which  received  altogether  O.C  gram  of  that  salt.^  The 
examination  of  the  ri[>e  leaf,  however,  showed  no  noticeable  increase  of 
oxidase  and  peroxidase  on  colorimetric  (;oinparison  with  the  plants  not 
so  treated.  Possibly  the  soil  contained  a  sufiicient  amount  of  manga- 
nese for  the  formation  of  the  normal  maximum  amount  of  these  enzyms. 

A  THIRD  OXIDIZING  ENZYM  IN  THE  TOBA(H^O  PLANT. 

The  un filtered  Juice  of  fresh  tobacco  leaves  energetically  decomi^oses 
hydrogen    peroxide    with    evolution  of   oxygen.     The  clear  filtrate 

'AIho  Bceds  resist  a  hif^her  temperature  when  dry  than  \vhou  soaked  in  ivater. 
•^Compt.  Keud.  vol.  124,  pp.  1032,  1349,  1355. 

^These  experiments  were  conducted  by  Dr.  E.  II.  Jenkins  on  the  experimental 
field  in  Po<|nonock,  Conn. 
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obtained  from  the  turbid  juice  shows  this  property  only  to  a  very 
small  degree  while  the  8UB[)eDded  matter  acts  as  power^illy  as  the 
anfiltered  juice.  It  is  easy  to  prove  that  neither  particles  of  the  living 
protoplasm  of  the  leaf  cells  nor  an  admixture  of  bacteria  are  the  cause 
of  this  action,  since  contact  with  chloroform  does  not  essentially  alter 
that  power  after  a  day.  Certain  observations  of  the  writer,  not  agree- 
ing with  the  prevalent  views,  led  him  to  a  further  examination  of.  this 
phenomenon.  Several  authors  have  observed  this  property  with 
various  organisms  and  ascribed  it  to  the  known  enzyms  contained  in 
them,  following  Schoenbein,^  who  expressed  this  opinion  in  the  year 
1863. 

This  view  was  not  even  doubted  after  it  was  shown  by  Jacobson  that 
this  property  of  the  common  euzym  preparations  may  be  destroyed 
without  injury  to  the  true  euzym  natnre,  i.  e.,  to  the  specific  activity.* 

While  ptyalin,  pepsin,  and  myrosin  preparations  gave  Jacobson  only 
small  quantities  of  oxygen  by  decomposition  of  hydrogen  peroxide, 
emulsin,  pancreatin,  and  diastase,  in  freshly  prepared  condition, 
yielded  considerable  quantities.  Jacobson  proved  that  by  heating  to 
a  certain  temperature,  by  "exhaustion  of  the  catalytic  power"  (of  decom- 
posing hydrogen  peroxide),  by  dilute  acids,  and  by  various  poisons, 
this  property  could  be  either  destroyed  or  considerably  weakened  with- 
out the  true  enzym  character  being  materially  injured. 

Since  it. seems  very  doubtful  that  the  molecule  of  an  enzym  can  be 
changed  to  a  great  extent  without  destroying  the  specific  proi)erty, 
the  writer  finds  it  much  more  natural  to  explain  the  observations  of 
Jacobson  by  the  presence  of  another  enzym,  to  which  this  decompos- 
ing action  on  hydrogen  peroxide  is  due.  In  the  preparations  of  the 
common  enzyms  the  presence  of  other  enzyms  as  impurities  can  not  be 
surprising.  The  further  observations  of  the  writer  have  confirmed 
this  view.  A  full  account  will  be  given  later  in  a  separate  bulletin. 
Here  it  may  suffice  to  sum  up  the  main  results: 

1.  The  property  of  developing  oxygen  by  decomposition  of  hydrogen 
peroxide  is  due  to  a  separate  enzym. 

2.  This  enzym,  to  which  the  name  catalase  may  be  given,  occurs  in  ^ 
two  modifications,  one  insoluble  and  one  soluble  in  water.    They  may 
be  distinguished  as  a  and  /!i  catalase.    The  insoluble  or  a  catalase  is 
probably  a  combination  of  the  euzym  with  a  nucleoproteid. 

3.  This  enzym  is  killed  at  72-75o  0.  (161-1670  F.).  It  is  an  oxidiz- 
ing enzym,  since  it  easily  produces  quinone  from  hydroquinone.  It  does 
not  produce  guaiac  blue  from  a  tincture  of  guaiac,  not  even  in  the 
presence  of  some  hydrogen  peroxide;  hence  it  differs  essentially  from 
the  ordinary  oxidase  and  peroxidase. 

4.  The  insoluble  modification  is  soluble  in  dilute  alkaline  liquids. 

5.  In  the  curing  process  of  the  tobacco  leaf  there  is  a  small  increase 


'  Jonrn.  Pract.  Cheiii.  vol.  89,  p.  326. 

2  Jacobsou,  Zeitsch.     Physiol.  Chem.  vol.  16,  p.  340,  IS92, 


24 

of  the  soluble  modificatioii,  probably  formed  from  the  iiisohible.  This 
increase  is  larger  iu  the  sweating  process. 

6.  This  enzym  is  the  most  durable  of  those  in  the  tobacco  leaf  under 
ordinary  circumstances,  since  it  occurs  in  tobacco  even  over  6  years 
old,  in  which  no  trace  of  other  enzyms,  not  even  of  the  peroxidase,  can 
be  found. 

7/  It  is  certainly  an  important  factor  in  the  heating  up  of  the  tobacco 
pile,  as  recent  experiments  with  fermenting  tobacco  have  shown. 

The  general  occurrence  of  this  enzym  in  jilaut  as  well  as  in  animal 
cells  suffices  to  indicate  a  highly  im()ortant  physiological  role.  It  is 
probably  intimately  connected  with  the  process  of  respiration.  The 
following  two  hypotheses  as  to  its  function  appear  the  most  probable 
to  the  writer: 

1.  Since  many  oxidative  processes  lead  to  the  formation  of  hydrogen 
peroxide  as  a  by-product,  it  is  important  that  such  a  poisonous 
by-product  be  at  once  destroyed  when  accidentally  formed  in  the  cells 
in  the  course  of  the  respiratory  oxidations. 

2.  This  enzym  may  have  the  office  of  loosening  affinities  in  fatty 
acids  and  sugar  in  order  not  to  tax  the  chemical  energy  of  the  proto- 
plasm itself  too  heavily  when  these  compounds  are  consumed  for  the 
purpose  of  respiration. 

BEMABES  ON  THE  MOSAIC  DISEASE  OF   THE   TOBACCO   PLANT. 

The  mosaic  disease,  in  the  Southern  States  called  *^frenching"  and 
in  the  Northern  States  "calico,"  "bTindle,"  and  •Muongrel"  disease,  is 
of  special  pathological  interest.  For  a  discussion  of  the  causes,  theories, 
and  scientific  investigations  on  the  development  of  this  disease  the 
reader  is  referred  to  a  special  and  extensive  bulletin  by  Albert  F. 
Woods,  of  this  Division,  which  will  make  its  appearance  at  no  dis- 
tant date.  In  this  place  will  be  mentioned  chiefly  a  number  of 
observations  made  by  several  planters. 

The  disease  is  easily  aii^cognized  by  the  contrast  of  the  dark-green 
regions,  mostly  near  the  veins,  and  the  light-green  regions  of  the 
lamina.  The  former,  being  better  noui  ished  on  account  of  containing 
more  chlorophyll  than  the  latter,  grow  faster.  This  causes  the  leaves 
to  curl  and  assume  a  wavy  shai>e,  like  corrugated  iron,  rendering  the 
leaves  worthless  for  wrapi>er8.  Highly  diseased  leaves  have  to  be 
entirely  discarded.  The  disease  sometimes  affects  as  much  as  10  irev 
cent  of  the  plants  of  an  entire  field.  At  times  it  attacks  only  a  few 
leaves  of  a  plant,  and  at  other  times  the  entire  plant  is  affected. 
Broad- leaf  tobacco  is  asserted  to  be  more  liable  to  the  disease  than 
Habana  seed  tobacco.  The  annual  damage  thus  done  in  the  United 
States  is  estimated  to  be  more  than  a  million  dollars. 

Various  causes  seem  to  create  a  tendency  to  the  disease.  Some  act 
in  the  seed  bed,  some  depend  upon  the  mode  of  planting  in  the  field, 
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and  others  seem  to  de]>end  apon  changes  in  the  weather.'  Solely  a 
surplus  amount  of  water  in  the  soil,  involving  a  deficiency  of  root  aera- 
tion, does  not  prodace  the  mosaic  disease,  as  the  writer  observed.  Id 
a  field  owe  corner  of  which  was  coDtinuonsly  moist,  the  plants  were  of 
a  uniformly  yellowish-green  all  over,  and  they  were  only  about  half  the 
height  of  the  healthy  plants,  but  there  was  no  trace  of  symptoms  of 
mosaic  disease  visible. 

The  diminished  amount  of  chlorophyll  in  mosaic  diseased  plants, 
leading  to  a  diminished  ])roduction  of  organic  matter,  soon  shows  its 
efifect  in  the  more  or  less  retarded  development  of  the  whole  plant. 
There  is  also  less  coagulable  albumin  and  less  acid  in  the  leaves  of  the 
diseased  plants  than  in  those  of  healthy  ones  of  about  equal  age.  The 
juices  were  titrated  with  one-tenth  normal  soda  solution  and  the  acid 
calculated  as  malic  acid. 

The  following  amounts  of  malic  acid  were  found  in  a  diseased  and  in 
a  healthy  plant: 


Diseased 
plant. 


Healthy 
plant. 


Pith 

Midrib  of  leaf... 
Lamina  of  leaf  a. 


Per  cent.   Per  cent. 


0.03a 

.048 
.210 


0.033 
.105 
.277 


a  After  removal  of  midrib  and  large  side  ribs. 


The  relative  amounts  of  oxidizing  enzyms  also  are  different  in  dis- 
eased and  healthy  leaves.  The  observations  of  the  writer  agree  essen- 
tially with  those  of  Woods.*  Not  only  the  midrib  and  the  pith,  but 
even  the  dead  spots  of  the  diseased  leaves  contain  very  much  oxidase, 
while  the  lamina  contains  much  more  peroxidase  than  that  of  healthy. 
leaves.  The  writer  had  occasion  to  observe  tobacco  fields,  just  before 
harvesting  time,  in  Connecticut  and  Massachusetts,  and  was  surprised 
at  the  great  differences  in  the  extent  of  the  disease  even  on  neighboring 
fields.  -Some  planters  entertain  the  belief  that  a  too  extensive  use  of. 
mineral  fertilizers  favors  the  disease,  and,  indeed,  those  fields  had 
the  least  number  of  diseased  plants  which  had  received  chiefiy  organic! 
manure.    Mr.  Du  Bon,  of  Poquonock,  Conn.,  whose  crop  of  Uabana 


'One  cause  may  be  an  insufficient  distribution  of  the  manuring  material.  A 
tobacco  grower  at  Poquonock  set  his  plants  in  a  field  in  which  one  inch  of  earth 
covered  the  cotton-seed  moal  employed  as  manure,  the  latter  not  being  uniformly 
mixed  witb  the  earth.  On  further  development  more  than  50  per  cent  proved  calico 
plants. 

^Paper  read  before  the  American  Association  for  the  Advancement  of  Science  at 
Colnmbns,  Ohio,  Angusti  1899.  Other  papers  on  this  disease  have  been  published 
by  Dr.  Wm.  C.  Sturgis,  Conn.  Agr.  Exp.  Sta.  I^eport  for  1898;  further  by  Adolf 
Mayer,  Landw.  Vers.  Stat.,  vol.  32  (1886);  by  Be^erinck,  and  by  .Jwanowski,  Centr. 
Bakt.,  vol.  5. 
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seed  tobacco  was  in  excellent  coDditiou,  had   applied  per  acre  the 
following  amoants  of  fertilizers  in  the  drill : 

5  cart  loads  horse  inannre, 
20  hundredweight  of  cotton-seed  meal, 
500  pounds  of  ''  dissolved  bone  black/' 
500  pounds  cotton-ball  ashes,  and  every  oth«r  year 
300  pounds  of  lime. 

On  a  field  near  East  Hartford,  Conn.,  many  more  calico  plants  were 
to  be  seen  than  on  another  field  on  the  opposite  side  of  the  road — on 
the  former  about  8  to  10  per  cent,  on  the  latter  only  about  3  to  4  per 
cent.  This  ditfeience  might  be  ascribed  to  differently  manured  seed 
beds  or  to  the  different  manuring  in  the  field.  Both  farmers  applied 
horse  manure — tlie  first,  5  cart  loads  to,  the  acre;  the  second,  9  cart 
loads  to  the  acre.  The  former  also  used  10  hundredweight  of  bone  dust, 
while  the  latter  applied  800  pounds  jht  acre  of  the  following  mixture: 

150  pounds  of  ammonium  sulphute, 
450  pounds  of  ])ota8sium  8ulphat>e, 
640  pounds  pulverized  bone  and  meat, 
600  pounds  of  '*  dissolved  bone  black/' 

The  latter  had  therefore  applied  not  only  much  more  horse  manure  to 
his  field,  but  also  more  of  the  easily  accessible  fihosphorlc  iwjid  and 
more  potash  than  the  former.' 
Mr.  Du  Bon,  a  good  observer,  reported  to  the  writer  the  following:    • 

The  calico  diHease  may  appear  even  in  the  seed  bed,  especially  when  it  is  too  rich 
in  nitrogenons  manure,  but  the  first  two  or  three  braves  of  the  attacked  plants  arc 
generally  normal.  Fresh  soil  that  has  never  served  for  raising  oro]>s  does  not  pro- 
duce the  di8c:ks(>  in  tlio  need  bed  nor  does  an  excess  of  moisture,  but  too  high  toin- 
peraturo  is  likely  to  produce  it.  Yellow  plants,  stunted  in  the  seed  bed  by  cold 
weather,  never  show  mosaic  disease  in  the  field.  In  one  case  it  was  observed  that 
.an  acre  and  a  half  ]tlanted  with  such  yellow  plants  did  not  show  a  single  calico 
plant,  while  the  neighboring  acres,  planted  with  vigorous  see<llings,  developed  a 
great  many.  Very  vigorous  plants  that  hml  been  manured  heavily  with  castor 
pomace  and  were  looking  very  well  showed  much  calico  later  on. 

The  disease  is  not  easily  propagated  through  the  soil  of  the  field. 
/  Even  twin  plants  may  be  found  where  one  is  much  attacked  and  the 
v^  other  bears  hardly  a  trace  of  the  disease.'^  Near  Poquonock  fields  have 
been  used  for  twenty  five  years  uninterruptedly  for  the  culture  of 
tobacco,  and  upon  this  land  thoroughly  healthy  crops  are  now  produced, 
althougli  formerly  the  disease  was  often  observed.  One  year,  on  a 
piece  of  land  that  contained  12,000  i)lants,  3,200  calico  plants  were  cut 
out  with  a  hoe  when  the  plants  had  reached  about  2  feet  in  height. 
The  following  year  hardly  half  a  dozen  calico  plants  were  noticed  on 
that  same  plot,  but  these  jilants  came  from  a  seed  bed  containing 
new  soil.    The  great  infiueiice  of  the  growth  in  the  seed  bed  on  the 


'  Kouing  (Zeitschrift  fiir  IMianzenkrankheiten,  1890,  p.  65)  asserts  that  manuring 
with  kainit  and  Thomas  phosphate  diminishes  the  extent  of  the  disease. 

-This  fact  seems  to  be  in  contradiction  to  th<^  behavior  of  the  plants  in  the  st^ed 
'^eds.     A  satisfactory  explanation  is  wanting. 
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later  development  of  the  disease  is  shown  by  the  following  observation 
of  Mr.  Dii  Bon:  "It  happened  once  that  in  a  portion  of  a  field  every 
other  plant  was  a  calico  plant  and  the  alternating  ones  were  healthy 
plants.  This  remarkable  circumstance  found  its  explanation  in  the  fact 
that  in  the  x)rocess  of  machine  planting  two  baskets  were  used  contain- 
ing the  x)lants  of  two  different  seed  beds,  one  bed  being  in  a  condition 
to  favor  the  disease,  the  other  containing  new  soil.  Two  planters 
worked  here  at  the  same  time.  The  neglect  of  projier  precaution  in 
taking  the  young  plants  from  the  seed  bed  may  create  a  tendency  to  the 
disease."  In  this  connection  Mr.  Barnes,  of  Hatfield,  Mass.,  related 
the  following:  '* Young  plants  were  taken  from  the  same  seed  bed  by 
two  different  farmers,  and,  although  the  soil  of  the  fields  was  the  same, 
one  farmer  had  many  calico  plants  in  his  field  and  the  other  had  almost 
none.  Inquiry  revealed  the  fact  that  one  farmer  took  the  ])lants  from 
the  seed   bed  when  it  was  quite  dry,  the  other  when    it  was  well 

^jnoistened.  In  taking  tlie  plants  from  a  dry  bed  one  can  not  help  lacer- 
ating the  roots,  while  from  a  well-moistened  bed  the  roots  may  be 
withdrawn  in  an  almost  intact  condition.  Lacerated  roots  do  not 
generally  develop  again  to  such  a  vigorous  state  as  is  required  by  the 
quickly  growing  tobacco  plants." 

For  the  prevention  or  diminution  of  the  disease,  Mr.  Du  Bon  recom- 
mends keeping  the  plants  in  the  seed  bed  not  too  warm  and  also  chang- 
ing the  seed  bed.  Beds  that  produce  the  disease  might  be  grown  over 
for  one  year  with  grass,  in  order  to  put  them  in  j>roper  condition  for 
the  production  of  healthy  tobacco  plants.  While  many  x^lanters  seem 
convinced  that  the  diseased  plants  can  not  recover,  others  claim  that 
by  hoeing  ami  stirring  the  soil  well  the  disease  may  be  cured  in  the 
initial  stage.  Mr.  Barnes,  of  Hatfield,  Mass.,  claims  to  cure  the  disease 
by  lifting  the  whole  plant  a  little  from  the  ground.  In  both  cases  a 
better  aeration  of  the  soil  is  reached.    The  writer  is  not  prepared  to 

'conIiTm-op-«antr5rttctttrese  statements. 

OBSERVATIONS  ON  CURING.  > 
INTRODUCTION. 

The  curing  period  is  a  time  of  continuous  anxiety  for  the  tobacco 
planter.  Too  dry  weather  stops  all  changes  in  the  leaves,  particularly 
the  development  of  the  proper  color,  while  too  moist  weather,  especially 
at  a  temperature  above  24^  C.  (75°  F.),  favors  the  disastrous  pole 
burn.  The  great  desire  of  the  tobacco  x)lanter  to  become  entirely  inde- 
})endent  of  the  weather  by  such  improvements  in  the  barn  (construction 
as  will  permit  the  proi)er  regulation  of  the  temperature  and  moisture  is 
therefore  reasonable. 

The  general  introduction  of  an  ideal  tobacco  barn  can  be  only  a  ques- 
tion of  time.  If  the  tobacco  is  becoming  too  dry,  steam  should  be 
turned  into  the  building;  and  if  it  is  becoming  too  moist,  dry  heat 


'These  observations  woro  inacio  with  loaf  cured  on  the  stalk. 
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should  be  applied.    An  agricultural  journal  describes  sncli  a  bam  as 
follows : 

The  barn  i»  what  is  called  a  'Hhree-benf  shed.  There  are  three  rows  of  beamSy 
one  through  the  center  and  one  on  either  side.  A  2-inch  steam  pipe  follows  the  out- 
side beams  around  the  shed.  This  is  believed  to  be  snfficieut  to  supply  the  neces- 
sary heat  to  the  whole  building.  The  tobacco  in  the  extreme  outside  of  the  shed 
rarely  suffers  from  the  pole  sweat.  The  tobacco  through  the  center,  and  especially 
that  low  down,  Ih  always  the  worst  a£fected,  and  the  pipes  are  arranged  to  throw  the 
most  heat  into  that  part  of  the  building.  If  the  experiment  proves  a  Bucce8.s  in  pre- 
venting ]>o]e  sweat,  the  time  is  Hoon  coming  wlien  artificial  heat  will  be  used  entirely 
in  curing  tobac(^o,  for  the  oven  temperature  and  moisture  that  can  be  obtained  are 
just  what  is  needed  for  a  perfect  cure. 

As  the  curiug  proceeds  an  alternating  change  from  the  moist  to  the 
dry  condition  of  the  leaves  takes  place,  according  to  the  atmospheric 
conditions.  Practical  experience  has  proved  that'a  frequent  change  of 
this  kind  is  desirable.'  This  agrees  also  with  the  theoretical  inference. 
There  is  more  oxidase  in  the  ribs  than  in  the  tuesophy.ll,  and  by  the 
alternate  drying  and  moistening  the  evaporation  from  the  surface 
causes  a  current  of  juice  to  pass  from  the  ribs  to  the  mesophyll  cells. 
This  migrating  juice  finally  distributes  most  of  the  oxidase  from  the 
bundle  sheath  and  sieve  tissue  uniformly  through  the  leaf.  It  is  there- 
fore desirable  to  have  the  ribs  keep  alive  much  longer^  than  the  rest  of 
the  leaves,  since  deau  and  dry  ribs  would  not  support  the  process 
indicated. 

As  long  as  all  the  (*el]s  of  a  leaf  are  alive  a  current  of  organic  mat- 
ter— e.Npecial]y  sugar,  and  also  to  a  small  degree,  amido  compounds — 
takes  the  opposite  direction,  namely,  h\m\  the  lamina  to  the  ribs.  Grad- 
ually this  function  stops,  since  a  state  of  starvation  sets  in  when  the 
starch,  in  tiie  form  of  sugar,  has  been  transported  to  the  stalk  and 
consumed  by  inspiration.  The  decrease  of  soluble  albumin  in  the  cur- 
ing process  is  much  slower  than  the  decreiuse  of  starch.  Even  after  a 
fortnight  a  n)o<lerate  amount  is  left,  and  with  single  cured  leaves,  even 
aftier  four  weeks,  some  traces  of  it  were  found  in  the  tissues. 

I)K(  RBASK   OF   ACRIDITY. 

It  is  an  interesting  fai*t  that  the  acid  reaction  decreases  in  the  lamina 
as  the  curing  proceinls,  as  shown  by  the  following  table.  For  2()0  sq. 
cm.  there  wjis  i*e<]uii*ed  the  following  amounts  of  one-tenth  normal  soda 
solution : 


Pate. 


l'l»j>en«o«t 
leAvea. 

Lower 
leaven. 

c.e. 
3.8 
3.3 
1.5 
1.7 

f.r. 

3.0 

2.3 

1.8 

.9 

Au^Uv^t  1 , 

Aiiuutft  i« 

Aujrust  14 , 

S««}>t«>iMli^r  26 

■  KejH>rt  No.  t?:.*  ^p.  ri\   l'.   S.  I>epaitmeut  i»f  AirriiMilturt»,  by  Marc u**  L.   Floyd. 
This  it^port  also  contains  views  on  tlio  host  ronstriirtioii  of  tlio  usual  Uania. 
•Tho  midrib  umv  ixnuuiu  alivo  for  Thn»t»  wt^eks  ami  »»vor. 
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At  the  end  of  the  curing  proceHs  the  amount  of  free  acid  for  a  given 
surface  was  therefore  reduced  considerably  J  A  portion  of  the  acid 
may  have  passed  into  the  stalk,  another  portion  may  have  been  com- 
pletely oxidized,  and  another  may  have  been  neutralized  by  ammonia 
formed  in  the  destructive  action  of  oxidizing  euzyms  on  nitrogenous 
compounds.  In  the  subsequent  sweating  process  the  liberation  of 
ammonia  is  more  energetic,  and  neutralizes  the  rest  of  the  acid.  The 
decrease  of  acidity  in  the  curing  process  is  of  practical  importance, 
since  the  following  sweating  process  will  set  in  with  sufficient  energy 
only  when  the  reaction  is  nearly  neutral.  The  pra<5tice  of  the  tobacco 
manufacturers  in  Florida  of  applying  a  spray  of  ammonium  carbonate 
solution  when  the  ^' heaps  will  not  heat  up  well"  is  theretbre  in  accord- 
ance with  the  scientific  inference. 

BBHAVIOB  OF  THE  OXIDIZINa  BNZYMS  IN  THE  CUBING  PROCESS. 

In  a  normally  conducted  curing  process,  whether  curing  single  leaves 
or  curing  on  stalk,  the  oxidase  and  peroxidase  are  well  preserved.  This 
is  not  the  case  under  conditions  unfavorable  to  a  normal  curing.  The 
oxidase  especially  loses  its  active  character  more  or  less.  Flue  curing 
seems  just  as  injurious'  as  prolonged  moist  weather.  The  acidity  in 
the  leaves  is,  according  to  the  writer's  observation,  generally  too  weak 
to  cause  injury;  but  the  occasional  entrance  of  too  much  sunlight  into 
the  barn  may  diminish  the  oxidase  in  the  exposed  leaves.  Reynolds 
Green,  and  Brown  and  Morris  have  shown  that  enzyms,  as,  for  example, 
diastase,  are  injured  by  exposure  to  direct  sunlight,  while  with  regard 
to  the  action  of  water  it  has  been  shown  by  Laborde  that  a  gradual 
destruction  of  oenoxldase  takes  ])la<je  within  twelve  days  by  self-oxida- 
tion when  it  is  dissolved  in  water  and  exposed  to  air.  There  can 
hardly  be  any  doubt  that  much  water  retained  for  a  certain  time  in 
the  curing  leaves  of  the  barn  will  favor  self-oxidation  of  the  tobacco 
oxidase.    This  is  also  shown  by  the  following  test. 

A  large  upper  leaf  was  placed  in  a  covered  glass  cylinder  contain- 
ing some  water,  to  insure  an  atmosphere  saturated  with  water  vapor. 
After  being  kept  in  darkness  for  a  week  at  from  22^  to  28^  C,  compari- 
son with  a  normal  leaf  showed  less  oxidase  in  the  parenchyma  of  the 
leaves  so  treated  than  in  that  of  equally  old  fresh  leaves  of  the  same 
plant,  while  with  the  veins  the  difference  was  not  so  marked.  On  the 
other  hand,  no  decided  decrease  of  peroxidase  could  be  noticed. 


>  In  the  pith  and  bark  no  decrease  of  acidity,  but,  on  the  contrary,  a  slight  increase 
was  observed  daring  the  first  two  weeks  of  curing.  Further  it  may  be  mentioned 
that  the  acidity  seems  to  decrease  more  slowly  when  the  leaves  are  single  cared  than 
when  cured  on  stalk.     Only  one  test  was  made,  however,  in  regard  to  this. 

'Flue  curing  is  mainly  used  in  the  curing  of  the  bright  yellow  tobacco  of  Vir- 
ginia, Tennessee,  and  North  and  South  ( -arolina.  The  temperature  reached  thereby — 
71-79^  C .  ( 160-17:>^  F. )— is  detrimental  to  the  oxidase.  Such  tobacco,  however,  is  not 
subjected  to  sweating. 
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Furthermore,  accordiug  to  Mr.  Marcas  L.  Floyd,  it  is  a  known  fact 
that  tobacco  too  long  ^'in  case*'  because  of  prolonged  moist  weather 
will  sweat  but  very  imi)erfectly.  The  iworly  sweated  crop  of  1898  in 
Connecticut  also  showed  much  ^^canker-'  and  ^^]Mile  burn,'^  conditions 
favored  by  too  moist  weather. 

When  it  happens  that  tobacco  does  not  sweat  well,  or  even  not  at  all, 
it  may  be  too  acid  or  may  have  lost  its  oxidizing  enzyms  through  irreg- 
ularities in  the  curing  barn,  or  it  may  be  too  poor  in  the  proper 
oxidizable  material.  The  writer  was  assured  by  tobacco  growers  of 
Connecticut  and  Massachussctts  that  tobacco  grown  in  very  dry  years 
is  incapable  of  sweating;  t871  was  such  a  year.  Even  the  transpor- 
tation of  the  tobacco  to  the  West  Indies  and  back,  an  experiment  tried 
by  Mr.  Barnes,  of  Ilatfleld,  Mass.,  to  enforce  a  natural  sweat,  did  not 
change  the  rank  smell  of  the  cured  to  the  aromatic  o<lor  of  sweated 
tobacco. 

The  writer  was  informed  in  Lancaster,  Pa.,  that  the  crop  raised  there 
in  1881  required  nine  years  to  reach  the  proper  quality  by  means  of  the 
natural  sweat.  Here  probably  a  gradual  oxidation  without  oxidases 
has  produced  finally  a  result  similar  to  that  reached  in  a  short  time  in 
presence  of  the  oxidizing  enzyms. 

Since  it  is  the  energetic  oxidation  in  the  sweating  process  that  yields 
a  cigar  leaf  of  superior  quality,  it  must  form  one  of  the  principal  aims 
of  a  tobacco  farmer  to  preserve  the  oxidizing  enzyms  while  the  tobacco 
is  curing  in  the  barn.  In  the  process  of  sweating,  however,  there  is 
generally  a  gradual  decrease  of  oxidizing  enzyms  going  on,  the  high 
temperature  favoring  not  only  the  action  of  these  enzyms  on  oxidizable 
material,  but  also  the  oxidation  of  the  enzyms  themselves.  Pnictical 
experience  long  ago  found  it  necessary  to  take  apart  and  rebuild  the 
fermenting  piles  as  soon  as  the  temperature  reached  about  60°  C. 
(140O  F.).  Indeed,  if  tlie  temperature  be  allowed  to  rise  much  higher 
there  would  be  a  rapid  decrease  of  oxidase,  and  all  the  improvements 
hoped  for  would  come  to  a  premature  end.'  The  relative  amount  of 
water  in  the  fermenting  piles  or  cases  will  also  exert  an  influence.  The 
peroxidase  suffers  less  than  the  oxidase,  bat  the  former  is  ])robably  of 
very  much  less  importance  than  the  latter  in  the  sweating  process. 
Investigations  on  this  point  will  be  carried  on  at  some  lat^r  time  when 
occasion  offers. 

TESTS   FOB   OXIDASE   AND    PEROXIDASK   IN   CUBED   AND    FERMENTED 

TOBAC(X). 

In  regard  to  the  U^sts  for  these  enzyms  it  must  be  pointed  out  that 
from  the  absence  of  oxidase  in  a  tested  sample  it  does  not  necessarily 
follow  that  all  of  the  leaves  from  the  same  curing  barn   would   be 

'A  full  acrouiitof  the  temperature  cliaii<;e8  in  ferment  in^;  piles  of  ciiL^nr  leaf  tobacco 
is  given  in  Report  No.  60,  W  S.  Department  of  Ajjriculture,  by  Milton  Whitney  and 
Vomas  H.  Means. 
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devoid  of  it.  It  may  be  that  the  leaves  tested  came  from  near  a  barn 
door  which  was  perhaps  frcijuently  opened,  thus  freely  permitting  the 
destructive  action  of  the  sunlight.  Therefore  in  controlling  a  curing 
crop  in  the  barn  leaves  should  be  tested  not  only  from  near  th)e  wall, 
bnt  also  from  the  more  central  part  of  the  barn. 

The  test  was  at  first  made  in  the  following  manner:  The  tobacco 
leaf  was  deprived  of  the  large  ribs,  and  after  drying  at  a  temperature 
of  40^  C.  (IO40  F.)  was  very  finely  pulverized.  One  grain  of  this  dry 
powder  was  mixed  with  20  c.  c.  of  water  and  left  to  stand  for  five 
hoars  in  an  Erlennieyer  flask  at  the  ordinary  temperature.  To  10  c.  c. 
of  the  filtrate  a  few  drops  of  an  alcoholic  solution  of  gaaiac  resin  were 
added  and  the  mixture  was  left  to  stand  for  ten  minutes,  with  moderate 
shaking.  A  blue  coloration  indicated  the  presence  of  oxidase.  Since, 
however,  the  brown  color  of  thi^  tobacco  extract  is  often  so  dark  that  it 
interferes  with  the  recognition  of  a  weak  blue  reaction,  it  was  found 
preferable  in  such  cases  to  pour  guaiac  tincture  cautiously  on  the  sur- 
face of  the  tobacco  extract,  avoiding  a  thorough  mixing.  The  blue 
color  will  soon  appear  as  a  ring  on  the  surface  of  contact  of  both 
li(]uids.  It)  however,  no  blue  coloration  appears,  a  few  drops  of  perox- 
ide of  hydrogen  are  added.  A  blue  coloration  in  this  case  is  due  to 
the  presence  of  peroxidase.  In  order  to  test  for  the  peroxidase  in 
presence  of  the  oxidase  in  the  tobacco  extract,  it  is  necessary  to  heat 
the  licpiid  for  three  minutes  to  70^  C.  (15So  1?)  i,)  order  to  first  kill  the 
oxidase  before  the  test  for  the  j)eroxidase  is  made,  (xuaiac  solution  in 
presence  of  peroxide  of  hydrogen  is  now  left  to  act  on  the  cooled 
solution.     The  blue  reaction  fur  peroxidase  sets  in  at  once. 

Some  additional  remarks  may  be  made  on  the  tests  with  guaiac 
resin.  A  solution  of  guaiacuni  resin  is  prepared  by  dissolving  at  the 
ordinary  temperature  2  grams  in  100  c.  e.  of  absolute  alcohol.  This 
tincture  must  be  kept  cool  and  in  the  dark,  and  be  renewed  from  time 
to  time,  since  the  active  principle,  tlie  guaiaconic  acid,  is  otherwise 
gradually  oxidized.  Old  tincture  will  soon  turn  bluish  on  addition  of 
hydrogen  peroxide  alone.  Attention  must  be  i)aid  to  the  reaction  of 
the  liquid  to  be  tested,  which  must  not  be  alkaline  but  neutral  or  slightly 
acid,  and  also  to  the  quality  of  the  resin,  since  worthless  kinds  exist  in 
the  market.  A  normal  resin  must  yield  an  intense  blue  color  with 
highly  dilute  nitrous  acid.  Only  the  interior  parts  of  transparent  pieces 
of  guaiacum  resin  should  be  selected  for  preparing  the  tincture  of 
guaiac.  It  is  of  no  particular  advantage  to  use  the  guaiaconic  acid, 
instead  of  the  resin  itself. 

An  attempt  has  been  made  to  disqualify  guaiacum  resin  as  a  reagent 
for  oxidizing  euzyms  on  the  ground  that  nitrous  acid,  ferric  chloride, 
and  other  oxidizing  mineral  compounds  also  yield  a  blue  reaction. 
Such  objections  are  groundless  when  fresh  organized  tissues  are  under 
investigation.  Other  oxidizing  influences  are  easily  recognized  by 
control  tests,  which  the  careful  worker  will  not  omit  to  make.    The 
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assertion  that  albumin  and  gelatin  give  the  reaction  is  erroneoas.  On 
the  contrary,  egg  albanieu  impedes  or  prevents  the  oxidase  reaction  on 
guaiacam,  as  does  also  much  tannin.  It  may  be  added  here  that  among 
other  substances  silver  nitrate  also  yields  a  blue  coloration,  especially 
in  presence  of  a  very  small  amount  of  ammonia.  Such  blue  reactions 
are  not  restricted  to  certain  limits  of  temperature  as  the  reactions  of 
oxidizing  enzyms  are. 

Still  more  attention  to  control  tests  must  be  paid  when  materials 
which  are  not  fresh  are  to  be  .tested;  for,  while  the  fresh  tobacco  leaf 
never  contains  nitrites,  sweated  tobacco  may  contain  them.  This  most 
be  considered  when  the  tests  are  made  with  sweated  tobacco.  ^See  on 
this  point  also  page  55  of  this  report.) 

The  following  tests  were  made  with  samples,  not  collected  i)erBonally, 
but  received  by  mail. 

Tob{icoo  cured  hut  not  stoeated, 

A.— SAMPLES  FKOM  MARYLAND. 

[The  samples  were  j^rown  in  1898  on  the  farm  of  the  Maryland  Agricultaral  Exiterlmoiit  Station. 

Only  the  last  mentioned  was  from  another  locality.  ] 


Bate. 


Apr. 


1899. 
Mar.  18 


13 
13 
13 
13 
18 
18 
18 
IB 
18 
18 
4 


Connecticnt seed  leaf.. 

(a)  Lowland  plot . . . 

(b)  Upland  plot 

Habana  seed 

Saniatra  seed 

Vuelta 

Pardidos 

Maryland  broad  leaf. . . 

Virginia 

Sumatra  seed 

Connocticat  broad  loaf. 

Habana  set^d 

Panlidos 

Maryland  tobacco 


Oxidase. 


Peroxidase. 


None Moderate 

do Trace 

Moderate Much 

Less  than  Habana 

None '. Much..... 

Moderate < do 

Slight j  Moderate 

MMemte I  Intense . . . 

None Moderate 


.do 
.do 
.do 
.do 


Trace 

Moderate 

do... 

do... 


Remarks. 


Cured 
heat. 


without   artificial 


>  All  subjected  to  the  flue- 
curing  process. 


B.— SAMPLES  FROM  KENTUCKY.     (CROP  OF  1898.) 


Mar.  13 
13 
20 


W  hite  hurley  lugs 

do 

Burley  grade  red  leaf. . 


Nouo  — 
Moderate 
None 


Moderate 

Much 

Little 


Single-leaf  cured. 
Cure<l  on  stalk. 

1)0. 


C— SAMPLES  FROM  PENNSYLVANIA.     (CROP  OF  1898.) 


Mar.  20 

20 
20 
20 


Pennsylvania   U  a  ban  a 
see<I. 

Habana  seed 

Pennsylvduia  seed  leaf.. 
Seed  leaf 


Moderate . . , 


Trace 

Moderate 
do... 


Much. 


Moderate 

do... 

do... 


Seed  wrapper. 

Seed  filler. 

Wrapper. 

Filler. 


33 

Tobacf-o  cured  hut  not  sweaifd — Continued. 
MISCKLLANEOUS  SAMPLES. 


Dale. 


1HN). 
Feb.   22 

24 

AUfT.  13 
Sept  23 
Oct.    20 

20 


Dec.   12 
Oct.    18 

18 

.  18 
18 
18 
18 


Sftmple. 


Winconnin  tobacco  (Sol- 

dieri»'  (rmve). 
Florida  Habana  seed 

(Quinry). 
Hatfleln,  Mass 

Poqaonock,  Conn do 

Ada,  Tex Ifone 

do 


RemarkH. 


Crop  of  1808. 


do Sinffle-leaf  cared  (1896). 

do 
Trace. 


189^  crop,  i)t4ilk  cared. 

1890  crop.  Thin  sample  bad 
white  reins. 

This  tobacco  wrh  cut  after 
being  "drowued  or  scald- 
ed,"a  and  was  stripped 
before  it  was  completely 
cured. 

Raleigh,K.C do Trace Was*  flue  cured;   crop  of 

1890. 
Much. 


Elmira.N.Y Moderate 

do do  ... 


do '  Trnce. 

Virginia i  Little. 

do I do 

do Trace. 


.do 
.do 


do... 

Modenito 
Much 


Mediam  weight  and  color; 

cigar  typo;  crop  of  1899. 
Dark,  heavy ;  cigar  type. 
Light  weight  and  color; 

cigar  type. 
Dark,  heavy ;  plug  type. 
Mfdium  dark ;  crop  of  1890. 
Light  weight,  dar 


r 


a  This  drowned  or  scalded  state  is  prodnceil  when  after  several  days'  heavy  rain  very  warm  anci 
sunny  days  follow ;  the  leaves  soon  wilt 

Tobacco f  cured  and  sweated, 
A.— SAMPLES  FROM  KENTUCKY.    KCROP  OF  1898.) 


Date. 


Sample. 


1809. 
Mar. 


Tobacco  from  Hopkins- 
Tille,  Ky. 


7 
7 
7 


.do 

.do 

do 


Oxidase. 


None. 


Slight  trace. 

do 

do 


Peroxidase. 


Remarks. 


Trace New<gronnd     tobacco; 

filantedMav  14 :  cut  Aug. 
0;  fired  lightlv;  bulked 
Nov.  21. 

Moderate New- ground  tobacco :  fi  red 

heavily,  bnlke<l  later. 

Much Old-ground  tolmcco;  fired 

heavily;  bulked  D^v.  10. 

.do Same  as  ifbnner,  but  bulked 

later. 
I 


B.-SAMPLES  FROM  OHIO.    (CROP  OF  1898.) 


1899. 
Sept.  24 
24 


Zlramer  Spanish 
do 


None '  Trace 

do Moderate. 


C— SAMPLES  FROM  CONNECTICUT.    (CROP  OF  1898.)  a 


1809. 
Sept.  21 
21 

21 

21 

21 
21 
21 


None  . 
do 


None  , 
Much 


QaHtonbiiry  broadleaf  . . . 

South    Windsor    broad- 
leaf. 

East  Windsor  Hill  broad- do 

leaf  I 

South   Windsor     broad-    do 

leaf.  I 

Windsor  Habana  seed ..." do Moderate 

Portland  Habana  seed do Much 

Poquonook,  Conn.,  Ha-  |  Moderate ' do — 

bana  seed. 


Trace 
Much. 


Light  wrappers. 
Do. 

Do. 

Dark  wrapiiers. 

Do. 
Do. 
Passed  through  the  nata- 
ral  sweat. 


I 


a  One  sample  of  1893  crop,  grown  at  Canton,  Conn.,  showed  no  trace  of  oxidase  or  peroxidase. 

20914— No.  65 3 
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TohaccOj  cured  and  ftceaied — Continned. 
MISCELLANEOUS  SAMPLES. 


Date. 


Sunple. 


1809. 

Mar.    4 

4 

Sept.  26 

25 

26 

25 

Nov.    1 


Aug.  18 

18 
18 

18 

Doc  — 


Maryland  tobaooo,  Jewell 

Virginia 

Wisconsin 

Lititz,  Pa.,  broadleaf 

Lititx,  Pa.,  Habanaseed . . 
Hatfield,  Maea.,  broad- 
leaf. 
Obio  Zimmer  Spanlsb  . . . 


Obio  Little  Dntch 

Hatfield,  Maaa..  Habana 
seed  long  wrappers. 

Hatfield,  Mass.,  Backers. 
Hatfield.  Mass.,  top  of 

suckers. 
Hatfield,  Mass.,  ground 

leaves. 

Kemedios,  Cuba 

Pardido,Cuba 

Haiti 

Puerto  Rico 

Puerto  Rloo 


Oxidase. 


Peroxidase. 


None 

do..., 

do.... 

do.... 

do.... 

ModeratjD 

None 


....do 
Mucb. 


Moderate 
....do... 


Little. 


None  . 
....do 
Trace. 
None  . 
....do 


Trace. 
Mucb. 

None . 


Much. 
.....do 


....do... 
Moderate 


.do 


Mucb 

Slight  trace.. 

Mucb 

Moderate 

do 


Remarks. 


1888  crop. 

Fine  cured;  1896  crop. 

1897  crop. 

1893  crop. 

1897  crop. 

1898  crop,  single-loaf  cured. 

Stalk  cured,  crop  of  1886, 

from  Ohio. 
From  Obio. 

Sinjcle-leaf   oared    and 
sweated  in  cases  at  100° 
F.     1896. 
Do. 
Do. 

Do. 

Crop  of  1899. 

Do. 

Do. 
Poor  grade,  1890. 
Best  grade. 


We  learn  from  these  tables  that  the  flae-curing  process  is  anfavor- 
able  for  the  preservation  of  the  oxidizing  enzyms,  and  that  sweated 
tobacco  has  frequently  lost  its  entire  content  of  oxidase,  while  the  per- 
oxidase is  more  resistant  under  the  conditions  of  the  sweating  process. 
From  the  absence  of  oxidase  in  fermented  leaves  no  conclusion  can,  of 
course,  be  drawn  as  to  its  amount  before  the  sweating  was  begun. 
The  more  intensely  the  sweating  process  is  carried  on,  the  more  of  these 
oxydizing  enzyms  will  be  destroyed. 

TEST  FOR   CATALASE   IN  VARIOUS  TOBACCOS. 


With  regard  to  catalase,  the  third  oxidizing  enzym  of  tobivcco  men- 
tioned above  (page  22),  some  experiments  were  made  on  various  samples 
of  cured  and  sweated  tobacco  to  determine  the  amount  of  oxygen  devel- 
oped by  it  from  hydrogen  peroxide  in  from  fifteen  to  forty  minutes. 
From  the  energy  of  this  action  inference  may  be  drawn  as  to  the  rela- 
tively larger  or  smaller  quantity  of  the  enzym  in  dift'ereiit  samples. 
Tobaccos  that  had  been  fire-cured,  as  the  plug  tobaccos,  contain  in 
most  cases  neither  oxidase,  peroxidase,  nor  catalase.  Such  samples 
examined  were  bright  yellow  Virginia,  black  African,  and  English  olive- 
green  leaf.  A  sample  of  Burley  tobacco  showed,  however,  slight  traces 
of  peroxidase  and  catalase.  Since  the  temperature  in  this  cuiing 
method  often  rises  as  high  as  82^  C.  (180^  F.)  these  observations  do  not 
surprise  us.  Also  a  flue-cured  sample  of  yellow  tobacco  from  North 
Carolina  did  not  show  traces  of  the  three  enzyms.  Such  tobaccos  are 
not  intended  for  cigars  and  are  not  submitted  to  the  sweating  process, 
hence  the  absence  of  the  oxidizing  enzyms  is  here  not  of  any  conse- 
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qnence.  Bnt  there  are  also  conditions  in  the  nsual  treatment  of  cigar 
tobacco  which  may  injure  the  catalase.  Thus  no  trace  of  it  was  found 
in  one  sample  of  sweated  tobacco  from  Connecticut  of  1897.  In  most 
cases,  however,  catalase  is  retained  in  the  sweated  cigar  tobacco  for  a 
much  longer  time  than  either  oxidase  or  peroxidase. 

The  comparative  tests  for  a  and  (i  catalase  were  carried  out  in  the 
following  way:  The  air-dried  samples  were  very  finely  powdered  after 
removal  of  the  midrib.  After  remaining  twenty-four  hours  in  an  exsic- 
cator 2  grams  were  extracted  for  five  hours  with  40  c.  c.  of  water  at  the 
ordinary  temperature  with  frequent  shaking,  and  then  filtered  through 
filter  paper.  Twenty  cubic  centimeters  of  the  filtrate  were  mixed  with 
5  c.  c.  of  neutralized  commercial  hydrogen  peroxide.  The  development 
of  oxygen  by  the  soluble  or  /^-catalase  commences  a  few  seconds  after 
mixing.  Then  the  extracted  tobacco  powder  was,  after  washing,  sus- 
pended in  30  c.  c.  of  water  and  10  c.  c.  of  hydrogen  peroxide  added. 
The  oxygen  here  developed  was  due  to  the  action  of  the  insoluble 
or  a  catalase.  The  proportion  of  the  developed  oxygen  gradually 
decreased  in  all  cases  after  a  short  time,  since  the  hydrogen  peroxide 
in  the  concentration  applied  oxidized  and  killed  the  enzym  rather  soon. 
The  reaction  was  promoted  by  moderately  shaking  the  fiask. 

In  those  cases  in  which  after  a  rapid  development  of  oxygen  gas  an 
early  stop  was  noticed  a  second  dose  of  hydrogen  peroxide  was  added, 
which  was  repeated  as  ctten  as  found  necessary  until  the  reaction  had 
been  carried  on  for  a  given  time. 

It  will  be  noted  firom  the  method  of  testing  just  described  that  the 
data  relating  to  y^-catalase  are  obtained  from  1  gram  of  tobacco^  those 
relating  to  a-catalase  from  2  grams. 

Thus  fiEiir  no  data  are  known  that  would  enable  us  to  calculate  the 
absolute  weight  of  catalase  from  a  certain  volume  of  oxygen  developed 
in  a  given  time  by  the  decomposition  of  hydrogen  peroxide.  But  quite 
generally  we  might  make  the  following  distinction  as  to  relative  quan- 
tities. The  amount  of  a-catalase  is  small  when  under  the  above- 
described  conditions  less  than  50  c.  c.  oxygen  are  developed  in  fifteen 
minutes  by  2  grams  of  tobacco;  it  is  moderate  when  between  50  and 
200  c.  c.  are  developed,  and  high  when  the  volume  rises  above  200  c.  c. 

As  to  /^-catalase  the  amount  may  be  called  small  when  less  than  20 
c.  c.  of  oxygen  are  developed  in  fifteen  minutes  by  1  gram  of  tobacco; 
moderate,  at  20  to  100  c.  c,  and  high,  when  the  volume  rises  above  100. 
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Sample. 


Oxygen  developed. 


Connecticut  broad- 
Ictif. 


Florida,  1807. 


Maryland  araoker, 
1808.  ^ 


Ohio  Ziminrr  Spanish  < 


WisconKin,    crop    of 
1897,     •' Gummy"  < 
leaves. 


Pennsylvania 


Remedioa,  Cuba. 


Pardido  d  istriot,  Cuba 


Puerto  Rico. 


Time  of 
develop- 
ment. 


5 
10 
15 
30 

5 
10 
16 
20 
40 

5 
10 
15 
30 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 
30 
4U 

5 

10  ' 
15 
20 

5  I 
10 
15 
20 
40 

5 
10 
15 


By  a- 
catalaae. 


By^. 
catalaae. 


Oxidaj«e. 


Peroxl- 
dane. 


Itoroarkii. 


e.  e. 


e.  c. 


22 
34 
42 
66 
32 
45 
76 
84 


CMnnl,  1880,  but  not 
BweattMl. 


12 
22 
28 
36 
108 
174 


28 
40 
46 
40 
32 
50 
67 
76 
HO 
89 
27 
44 
60 
71 
14 
20 
24 
27 
36 
16 
20 
25 


1.0 

1.8     Modorat4>.    Much.. 

2.0  . 

2.0  

13. 0  Some  . , 

19. 4  None    

26.5  >Sw<at«d  in  bulk. 

20.0 

36.8 

8  *'  I 

,2  a  , Light-colored,  thin 

n'a     None 'None  '   "  /     I«*Hf ,  «  w  c  a  t  o  d 

.  ....  .f.f.!!!!!.  ..!.'!  I   «''K*'»iy »"  *>«»*•«. 

ii'l'  !!!!!!!!!!!!  !!!!!!!!" 

32.0  I  None Trace. 

40.5  I  

45.2  

1.0     Nouo None i 

>-7  N, 


[('n»p  of  1H97,  Kweatrd 
iu  bulk. 


1.9 

4.2 

» < 

None  ... 

..  Modornte. 

16.3 

I 

' 

ratiiral  nweat. 


Pa(iMC<l  throuuh  the 
"natural"  sweat, 
1898  crop. 


».2    ,1 

8^0 '. '.  ) 


8  2 
11.0     None 

14.0  I 

15.1    


Trace. 


^Sweat4xi.  1K9S. 


3,5    

4. 4 ^Swt^ted,  1899. 

5.1     None ,  Little.' 


).. 


It  was  thonght  that  it  would  also  be  of  interest  to  test  cigars 
of  commerce  for  oxidizing  enzyms.  Of  the  samples  procured,  which 
were  probably  ot  very  different  ages,  not  one  contained  oxidase  or  ])er> 
oxidase,  but  catalase  was  present  in  all,  although  the  amount  differed 
considerably  to  judge  from  the  energy  with  which  hydrogen  peroxide 
was  decomposed.  As  to  cigarette  tobacco,  five  different  brands  of 
cigarettes  were  examined,  viz,  Old  Dominion,  Sweet  Caporal,  Gold  Leaf, 
Chesterfield,  and  Egyptian  Prettiest,  but  only  in  the  last  named  was 
any  catalase  found. 

Oxygen  dervloped  in  fiftern  minutes. 


Cigar  samples. 


IMre. 


Arena 3  for  5  cents  .. 

Haranetts 2  fur  5  cents  . . 

Maniuis  L 5  cents 

Lucko  Kolle<1 

Union  (ilory 5  cents 

La  Valiar 10  cents 

Herbert  Spencer do 

General  Arthur ' do 

No  name 2  cents  a  i>lecc . 

Do 5  cen  ts  a  ]>iece . 

Do do 

Do      do 


Do 


^tian  cigarettes. 


Bj'  a-cata- 

B>  8 

•c:ita- 

blHC. 

lasc. 

e.e. 

e. 

c. 

ill 

5.5 

fiUO 

41.0 

71 

13.2 

41 

18.0 

85 

8.0 

26 

3.0 

273 

20.5 

304 

13.3 

61 

8.5 

102 

17.5 

108 

8.2 

32 

3.8 

241 

55.0 

36 

2.0 

37 

It  will  be  noticM  from  this  table  that  there  is  no  direct  relation 
between  the  commercial  valae  of  a  tobacco  sample  and  it^  catalase 
content.  On  the  one  hand,  however,  it  may  be  said  that  a  comparatively 
high  content  of  soluble  or  /^-catalase  would  be  indicative  of  this  tobacco 
having  been  subjected  to  a  sweating  at  a  higher  temperature,  since  the 
ammonia  developed  renders  some  catalase  soluble.  Further,  since  a 
thorough  sweat  is  essential  for  the  development  of  aroma,  a  high  content 
of  soluble  or  /^-catalase  would  indicate  an  improved  Uroma,  other  things 
being  equal.  On  the  other  hand,  it  might  be  inferred  that  a  sample 
containing  very  little  soluble,  but  comparatively  much  insoluble  catalase 
(see  No.  11  of  the  above  table),  has  passed  only  through  the  natural 
Bweat  and  could  be  improved  by  a  subjection  to  sweating  in  bulk 
after  petuning  with  a  very  dihited  solution  of  ammonium  carbonate. 

In  order  to  reach  a  reliable  estimate  of  the  extent  of  the  transforma- 
tion of  the  insoluble  into  the  soluble  catalase  by  the  sweat  only  leaves 
of  equal  age  and  very  similar  to  each  other  should  serve  for  compari- 
son. A  cured  leaf  can  not  be  compared  with  a  sweated  leaf  of  the 
same  crop  when  the  former  happens  to  be  a  lower  or  sand  leaf  and  the 
latter  an  upper  leaf.  Neither  can  thin,  strawy  leaves  be  compared  with 
gummy  leaves,  since  the  differences  between  these  are  very  great  in 
regard  to  their  enzym  content.  Thus,  a  not  sweated,  very  thin,  prob- 
ably a  sand  leaf,  yielded  in  fifteen  minutes  by  the  above  test  7.7  c.  c.  oxy- 
gen for  the  soluble  enzym  and  69  c.  c.  for  the  insoluble,  while  a  sweated, 
gummy  leaf  of  the  same  crop  yielded  147  c.  c.  and  360  c.  c.  oxygen, 
respectively.  There  can  be  no  doubt,  however,  that  the  above  tests, 
judiciously  carried  out,  may  prove  of  practical  value  in  certain  cases 

In  order  to  obtain  comparable  results,  and  to  eliminate  the  factor  of 
individual  differences,  upper  leaves  which  can  be  distinguished  by  their 
heavier  body  were  picked  out  of  a  lot  of  cured  leaves  and  of  a  lot  of 
leaves  sweated  in  bulk,  of  the  same  crop.^  After  moistening  them  a 
little  they  were  left  over  night  until  they  became  pliable,  whereupon 
they  were  spread  cut  and  the  adhering  sand  carefully  brushed  off.  The 
central  portions  of  12  leaves  were  then  deprived  of  the  midrib,  and 
after  drying  at  40^  0.  (104o  F.)*  finely  pulverized.  Two  grams  each  of 
this  powder  were  weighed  out,  and  the  tests  carried  out  as  above  men- 
tioned.   The  result  was  as  follows: 

Oxygen  developed  in  thirty  minutee. 

By  fi-cattk- 
lase. 


e,e. 

Ciirctl  but  not  sweatf^d,  filler  leaves 158  16.5 

Cured  and  sweated,  tiller  leaves 634  236.0 


Proportions  of  the  volumes  of  oxygen 1:4  1:14.3 


1  This  tobaooo,  raised  in  1899,  came  from  the  Experimental  Farm  of  the  Conn. 
Ezpt.  Sta.  in  Poquonock,  Conn.    The  caring  was  there  supported  by  a  carefnl-^ 
application  of  artificial  heat,  and  supervised  by  Dr.  E.  H.  Jenkins. 

^  Tobacco  kept  at  that  temperature  in  a  drying  box  does  not  become  comp^ 
dry — still  retains  4  to  5  per  cent  moisture. 
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We  notice  firom  these  figures  not  only  an  enormous  increase  of  >9- 
catalase,  but  also  a  considerable  increase  of  a-catalase.  It  had  been 
observed  twice  before  by  the  writer  that  the  ^-catalase  also  was 
increased  in  the  sweated  sample  as  compared  with  the  cored  sample. 
He  ascribed  this  circamstance  to  accidental  differences  in  the  leaf 
character.  But  this  supposition  has  to  be  abandoned  in  view  of  the 
above  fignres  obtained  from  average  samples..  The  only  explanation 
the  writer  can  offer  that  seems  probable  is,  that  there  exists  in  the  case 
of  catalase,  as  with  many  other  enzyms,  a  zymogen  in  the  leaves,  wliich, 
nnder  the  conditions  broaght  aboat  in  the  sweating  process,  is  con- 
verted into  the  ^-catalase  enzym  itself. ' 

Tlie  relative  intensity  of  the  fermentation,  or  sweating,  has  also  a 
decided  influence  upon  the  amount  of  /^-catalase.  Thus,  upper  leaves 
moderately  sweated  for  wrapper  purposes  contain  less .  than  upper 
leaves  heavily  sweated  for  filler  purposes.  The  amount  of  oxygen  devel- 
oped in  thirty  minutes  by  /^-catalase  was  observed  with  the  sample 
of  the  former  to  be  186  c.  c,  of  the  latter,  however,  236  c.  c.  (both  of  the 
same  crop).  The  difference  in  the  amount  of  oxygen  develoi)ed  in 
thirty  minutes  in  both  cases  by  ^rcatalase  was  but  small,  619  and 
634  c.  c.  oxygen,  respectively. 

In  order  to  decide  whether  the  petuning  liquid  ^  which  was  applied 
for  the  filler  leaves,  but  not  for  the  wrapper  leaves,  had  contributed 
to  the  increase  of  the  amount  of  catalase,  20  c.  c.  of  that  liquid  were, 
after  neutralization,  mixed  with  20  c.  c.  of  water  and  5  c.c.  commercial 
hydrogen  peroxide.  The  total  amount  of  oxygen  developed  in  thirty 
minutes  was  but  26  c.  c.  Since  the  amount  of  the  petuning  liquid 
applied  was  only  0.66  per  cent  of  the  weight  of  the  tobacco,  not  more 
than  0.02  c.  c.  of  oxygen  gas  would  have  been  developed  in  thirty  min- 
utes by  the  amount  of  pctune  contained  in  2  grams  of  tobacco  applied 
for  the  test  on  catalase,  an  amount  so  small  that  it  can  be  neglected. 

DEVELOPMENT  OF  THE  *<  GRAIN "  OF  THE  TOBACCO  LEAF. 

The  "  grain  ^'  means  to  the  tobacco  manufacturer  small  points  plainly 
visible  on  the  extended  leaves  after  the  curing  or  after  the  sweating 
process.  These  points,  often  situated  at  the  base  of  the  hairs,  appear 
under  the  magnifying  glass  as  small  globules  of  yellowish  color,  show- 
ing sometimes  a  radiated  structure.  Boiling  with  water  or  with  dilute 
acetic  acid  does  not  remove  them,  but  treatment  with  dilute  hydro- 
chloric acid  does  so  at  once.  This  makes  it  very  probable  that  the  chief 
mass  of  these  globules  consisted  of  calcium  oxalate,  a  view  confirmed 
by  the  microscopical  observation  of  gypsum  needles  forming  under  the 

'  The  writer  holds  as  probable  that  while  a-cutolase  may  be  generated  from  a 
zymogen,  /i-catalase  is  produced  from  a-catalase  only,  aud  not  from  a  separate 
zymogen. 

-This  liquid  was  prepared  from  licorice  and  various  condiments,  with  addition  of 
some  rum,  according  to  the  prescription  given  by  Marcus  L.  Floyd  in  Report  No.  62, 
U.  S.  Department  of  Agriculture,  p.  19,  Cultivation  of  Cigar  Leaf  Tobacco  in  Florida. 
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inflaence  of  concentrated  salphnric  acid  npon  the  ^' grain."  Altbongh 
there  is  some  calcium  oxalate  present  in  the  living  leaf,  the  oxalic  acid 
of  those  globules  is  produced  by  post-mortem  oxidation,  since  they  do 
not  exist  in  the  living  leaf,  the  natural  inference  being  that  it  is  the 
oxidizing  enzyms  that  produce  them  by  inducing  oxidation  of  various 
compounds,  such  as  malic  or  citric  acid,  tannin,  etc.  The  more  oxidiza- 
ble  material,  and  the  more  oxidation  is  going  on  in  the  tobacco  leaf,  the 
more  will  the  so-called  grain  develop  in  the  curing  and  sweating  proc- 
ess; hence  it  will  in  many  cases,  by  no  means  in  all,  confirm  the  idea 
of  some  tobacco  manufacturers  that  a  well-developed  grain  is  a  good 
sign  for  the  quality  of  the  tobacco. 

The  following  observations  by  the  writer  may  be  mentioned:  A  fresh 
tobacco  leaf  was  divided  into  two  portions.  One  portion  was  hung  up 
in  a  covered  beaker  containing  some  water,  the  other  was  first  heated 
to  600  0.  (140O  F.)  in  a  closed  vessel  before  being  thus  treated.  By 
the  sudden  iLilling  of  the  cells  by  heat  the  cell  sap  left  them  at  once 
and  spread  uniformly  over  the  surface  of  the  leaf,  while  in  the  former 
case  the  gradual  drying  and  the  later  death  diminish  the  migration  of 
soluble  matter  to  the  surface.  After  eighteen  days  the  <'  grain,"  in  the 
form  of  numerous  globules  of  calcium  oxalate,  was  formed  in  the  nor- 
mally curing  leaf,  but  not  a  trace  of  it  was  seen  in  the  leaf  killed  imme- 
diately after  collecting  it.  This  shows  that  these  globular  masses  were 
formed  in  the  curing  process.  In  the  fresh  leaves  deposits  of  calcium 
oxalate  also  occur  as  mentioned,  forming  crystalline  sandy  deposits, 
especially  in  mesophyll  cells.  Generally  these  seem  too  small  to  account 
for  the  appearance  of  the  ^^  grain  "  in  cured  and  sweated  leaves. 

The  nature  of  the  "  grain  "  was  also  investigated  by  Dr.  W.  0.  Stur- 
gis,  who  arrived  at  the  same  conclusion  as  the  writer  and  at  about  the 
same  time.  That  author  had  the  kindness  to  communicate  the  follow- 
ing observations: 

The  orystalllne  deposits  are  insolnble  in  water,  bat  are  completely  and  readily 
soluble  in  dilute  hydrochloric  acid.  On  heating,  these  deposits  swell  to  three  or 
foar  times  their  original  volume.  Examination  under  the  microscope  of  these 
heated  masses  in  water,  with  the  addition  of  hydrochloric  acid,  s^ow  that  they  are 
at  once  dissolved  with  copious  evolution  of  gas.  These  observations,  coupled  with 
what  we  know  of  the  occurrence  of  calcium  oxalate  in  leaf  tissues,  lead  me  to  con- 
elude  that  the  grain  of  certain  grades  of  tobacco  is  caused  by  the  deposition  in  lim- 
ited areas  of  crystalline  aggregations  of  this  salt. 

BBMABKS  ON  THE  DEVELOPMENT  OF   THE  BBOWN  COLOR. 

The  slow  starvation  process  of  the  tobacco  leaf  in  the  curing  barn  is 
connected  with  the  yellowing  of  the  leaves,  followed  by  the  character- 
istic brown.  The  yellow  color  is  chiefly  due  to  the  etiolating  of  the 
chlorophyll  granules  because  of  the  absence  of  bright  daylight,  and 
sets  in  while  the  cells  are  still  alive,  while  the  brown  color  sets  in  after 
their  death.  The  changes  of  the  green  to  yellow  and  of  the  yellow  to 
brown  start  and  proceed  generally  in  the  same  order,  commencing 
at  the  margin  and  about  midway  between  the  lateral  veins.    Along 
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the  thicker  part  of  the  veiDS  the  tissue  remains  green  longest.  Gradu- 
ally a  stage  is  reached  in  which  only  the  midrib  and  basal  parts  of  the 
lateral  ribs  still  have  their  normal  color,  being  fringed  by  but  narrow 
strips  of  yellow  niesophyll,  the  chief  mass  of  the  leaf  having  turned 
brown  J  Thus,  the  layman  is  inclined  to  infer  that  the  substance 
which  turns  yellow  is  also  the  same  that  turns  brown  later  on.  This, 
however,  is  not  correct.  The  yellow  color  is  due  to  a  chemical^change 
of  the  cl  lorophyll  green,  while  the  browu  color  is  due  to  the  oxidation 
of  several  different  compounds  contained  in  the  cell  sap.  The  brown 
color  shows  also  in  the  vein~s~bf  the  leaf,  but  not  the  yellow,  since  there 
is  too  little  chlorophyll  in  the  veins.  It  sometimes  happens,  however, 
that  leaves  in  the  barn  die  quickly  by  drying  up  instead  of  slowly  by 
starvation,  thus  not  allowing  sufficient  time  for  development  of  the 
yellow  color,  and  in  this  case  the  brown  color  develops  directly  upon 
the  still  green  leaf.  Such  leaves  show  a  distinctly  green  coloration  when 
held  between  the  eye  and  the  bright  daylight,  and  on  treatment  with 
strong  alcohol  they  yield  a  green  solution  of  chlorophyll,  showing  that 
the  green  is  not  destroyed,  but  merely  concealed  by  the  brown.  Iha, 
chlorophyll,  therefore,  is  not  the  source  of  the  brown  coloration.  Further- 
more7  when~arft^.<^  leaf  is  dried  at  a  moderate  temperature  in  an  atr  bath 
it  will  no  longer  turn  yellow  when  exposed  for  a  considerable  time  to 
a  moist  atmosphere,  showing  that  the  change  from  green  to  yellow  in 
the  curing  barn  is  still  a  process  of  life,  although  a  pathologic  one. 

,As  to  the  brown  color,  it  can  easily  be  shown  tbat  it  is  produced  by 
the  action  of  oxidase  and  not  by  the  action  of  peroxidase,  since  after 
"killing^  the  oxidase  the  brown  color  fails  to  develop.  Freshly 
expressed  juice  of  the  midrib  was  heated  for  four  minutes  to  75^  G. 
(167^  F.)  and  left  with  a  little  chloroform  in  a  flask  plugged  with 
cotton.  After  ten  days  this  liquid  was  still  colorless,  although  con- 
taining peroxidase,  while  the  control  liquid  became  light  brown  within 
one  day.^    The  juice  of  the  lamina  turns  dark  browu  much  sooner. 

WHY  DOES  THB  OXIDASE  NOT  PBODUCE  THE  BROWN  COLOR  WHILB 

THE  LEAF  IS  ALIVE  f 

The  oxidizing  enzyms  are  evidently  contained  in  the  plasmatic  living 
part  of  the  cell,  and  not  in  the  cell  sap  which  fills  the  vacuoles.  On  the 
other  hand,  the  matters  easily  oxidized  by  them  and  representing 
products  of  metabolism  or  by  products  of  certain  synthetical  operations 
are  mostly  contained  in  the  cell  sap.    These  matters,  often  of  a  chromo- 

1  The  brown  color  darkens  still  more  daring  the  sweating  procesn.    When  the 

expressed  j nice  of  green  tobacco  leaveSi  after  filtering,  is  exposed  to  air  it  gradually 

.forms  an  insoluble  deposit,  the  greater  part  of  which  consists  of  a  pblobapheu-like, 

dark-browu  substance,  and  the  smaller  part  of  a  colorless  floccnleut  compound.    The 

former  is  easily  soluble  in  dilute  ammonia;  the  latter  is  not. 

*It  may  be  mentioned  here  that,  according  to  A.  Mayer,  a  dark-colored  tobacco  is 
obtained  by  a  rich  nitrogenous  manuring,  and  that,  according  to  Kosutany,  barn- 
yard mauure  with  ammonium  salts  yields  a  product  of  a  reddish  brown   tint,  while 

'trate  manaring  yields  a  more  greenish-brown  one. 
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genie  ebaraeter,  are,  of  coarse,  produced  in  the  plasmatic  parts,  bat 
secreted  rapidly  into  the  cell  sap.  When  the  cells  die  the  soluble  sub 
stances  locally  separated  in  the  cytoplasm  and  the  cell  sap  intimately 
mix,  since thecoagulating  protoplasm,  becoming  easily  permeable,  can  no- 
longer  retain  any  soluble  matters — as,  for  example,  oxidase.  Thus  after 
death  the  direct  action  of  the  oxidase  on  the  oxidizable  matter  of  the  cell 
sap  sets  in  with  a  production  of  colored  bodies,  as  is  the  case  i  u  the  tobacco 
leaves.  This  action  can  also  be  noticed  very  well  in  the  juice  pressed 
out  from  the  fresh  leaves,  since  this  juice,  containing  cell  sap  as  well 
a.s  soluble  matters  previously  contained  in  the  protoplasm,  turns  brown 
rapidly  on  coming  into  contact  with  air.  The  darkening  of  the  juices 
of  potatoes,  beets,  and  other  plants  depends  upon  the  same  principle. 

GHBOMOaSNS  OP  TOBACCO. 

The  nature  of  the  chromogenic  compounds  has  not  yet  been  fully 
revealed.  It  was  pointed  out  in  Report  No.  59,  p.  12,  that  several  dif- 
ferent compounds  have  to  be  assumed  as  contributing  to  the  color  in 
the  tobacco  leaf,  and  that  tannin  as  well  as  nicotine  contribute  only  a 
part  of  it.  It  is  true  that  the  darker  tobaccos  are  generally  considered 
as  being  the  stronger — that  is,  contain  the  most  nicotine — but,  on  the 
other  hand,  it  has  to  be  kept  in  mind  that  the  veins,  which  contain  less 
nicotine  than  the  lamina,  are  generally  much  darker  colored,  a  fact  hardly 
to  be  explained  merely  by  the  thicker  layer  of  cells.  The  fact,  how- 
ever, that  the  juice  of  the  lamina  turns  dark  more  quickly  and  intensely 
than  the  juice  of  the  rib  makes  it  probable  that  the  chromogen  of  the 
ribs  is  not  easily  soluble  and  differs  from  that  of  the  lamina.  In  the 
lamina  it  is  the  mesophyll  and  not  the  epidermis  that  contains  the  chief 
quantity  of  the  chromogen. 

The  main  chromogens  of  the  leaves  are  insoluble  in  alcohol,  as  is  the 
brown  product  itself.  A  piece  of  young,  green  tobacco  leaf  was  left  in 
alcohol  for  one  day,  the  chlorophyll  being  extracted  and  the  leaf 
becoming  almost  colorless.  Upon  moistening  with  water  it  turned 
brown  within  two  days,  the  color  being  darkest  in  the  ribs  and  veins. 
The  main  chromogen,  therefore,  had  not  been  removed  by  the  alcohol 
treatment. 

There  is  but  very  little  chromogen  in  the  pith,  since  it  becomes  only 
slightly  brown  after  several  days'  exposure  to  the  air;  equally  little  is 
contained  in  the  vascular  bundles  of  the  stalks,  except  in  the  youngest 
part.  The  study  of  the  nature  of  the  chromogens  encounters  consider- 
able difficulties.^ 

1  After  this  was  written,  an  article  of  Behrens  appeared  in  the  Landw.  Vers. 
Stat.|  vol.  52,  in  which  he  discusses  the  production  of  the  color.  He  thinks  that 
the  brown  substance  is  formed  from  a  chromogen  which  is  split  off  from  a  glrfcosid, 
and  that  this  glncosid  is  formed  during  the  Hrst  or  btarvation  period  of  the  leaves 
in  the  bam.  This  opinion  can  hardly  be  accepted  when  we  observe  the  rapidity 
with  which  the  juice  of  the  fresh  leaves  turns  brown  upon  exposure  to  the  air, 
showing  that  the  chromogen,  or  rather  the  "  soluble''  chromogen,  is  already  present 
in  the  normal  leaf. 
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SUNBURNED  TOBACCO  LEAVES. 

When  the  tobacco  plants  are  harvested  it  often  occurs  that  the  cut 
plants  are  left  for  several  hoars  in  the  field,  exposed  to  a  scorching 
sun,  and  many  of  the  leaves  are  killed  either  in  part  or  in  isolated 
_spots.  These  prematurely  killed  portions  remain  green  aud  never 
change  color  in  the  curing  barn.  There  are,  indeed,  not  infrequently 
found  among  the  cured  leaves  of  commerce  some  with  green  spots  on 
them,  due  to  this  circumstance.  The  microscope  reveals  the  fact  tliat 
the  fine  veins  of  such  spots  are  only  of  a  faint  brown  color,  compared 
with  the  well-cured  x>ortions. 

It  appears  to  be  of  some  interest  to  decide  whether  it  is  only  the 
effect  of  the  intense  light  which  causes  such  a  change  in  the  properties 
of  the  leaf,  or  whether  a  partial  drying  up  in  the  sun  forms  one  of  the 
conditions.  Possibly  the  light  may  kill  the  enzyms  as  soon  as  the 
cells  themselves  are  killed  by  the  heat.  The  gathered  leaves  warm  up 
with  the  sun's  rays  considerably  more  than  the  leaves  of  plants  stand- 
ing in  the  field,  where  the  transpiration  current  provides  moisture 
which  lowers  the  temperature  by  continuous  evaporation. 

A  piece  of  ripe  leaf  was  heated  in  a  closed  test  tube  in  a  water  bath 
for  five  minutes  to  from  60  to  61°  0.,  which  caused  the  loss  of  the  nat- 
ural stiffness  (turgor),  the  change  being  caused  by  the  loss  of  the 
osmotic  properties  of  the  plasma  sack  when  the  leaf  dies.  Another 
piece  of  the  same  leaf  was  heated  to  60^  C.  for  five  minutes,  and  then 
for  five  minutes  longer  to  a  temperature  of  from  70  to  71°  0.  Both  of 
these  pieces  were  hung  up  in  a  covered  beaker  containing  some  water, 
and  compared  with  another  piece  of  the  same  leaf  not  so  treated. 
After  eighteen  days  the  pieces  were  moistened  and  spread  on  a  glass 
plate,  when  it  was  easily  recognized  that  the  color  of  the  piece  heated 
to  a  temperature  of  from  60  to  61^  G.  was  almost  the  same  as  that  of 
the  control  piece,  while  the  color  of  that  heated  finally  to  a  tempera- 
ture of  from  70  to  71°  0.  had  a  far  different  look,  only  the  larger  veins 
having  become  brown,^  while  the  lamina  was  of  a  weak  yellowish 
green.  This  shows  that  the  production  of  color  is  due  to  the  action  of 
the  oxidase  (not  yet  killed  at  OO'^  C),  and  not  to  the  peroxidase  (not 
yet  killed  at  70^  C),  since  a  special  test  proved  that  the  piece  heated 
for  five  minutes  to  a  temperature  of  from  70  to  71°  G.  contained  con- 
siderable peroxidase,  but  no  longer  any  oxidase.  Still  the  analogy  to 
the  sunburned  leaves  was  not  fully  established  by  this  test,  since  the 
sunburned  leaves  retain  their  full  natural  green,  while  with  the  samples 
mentioned  theoriginal  green  was  somewhat  changed.  Tests  in  which  the 
pieces  of  the  leaf  were  not,  however,  treated  in  closed  test  tubes,  but 
were  left  to  dry  openly  in  an  air-bath  at  58^  0.,  gave  a  different  result. 
In  these  the  green  was  preserved  almost  in  its  natural  condition,  and 


'  ThiH  browning  was  prohably  developeil  between  40  and  66^,  aft^r  the  death  of 
the  cell  and  before  the  death  point  of  the  oxidase  was  reached. 
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the  sabseqnent  exposure  to  the  moist  air  led  only  to  a  coloration  of  the 
veins.  The  lamina  remained  green.  The  simultaneous  effect  of  heat 
and  of  drjdng  up  must  unite,  therefore,  to  produce  the  pheuoinena 
observed  in  "sunburned"  leaves. 

"VTHITB  VEINS.'' 

The  phenomenon  of  "white  veins"  is  observed  in  the  curing  barn 
after  a  long  spell  of  dry  and  warm  weather.  The  veins  then  lose  the 
capacity  of  turning  brown  on  the  surface,  and  preserve  a  whitish  or 
rather  colorless  appearance  after  the  curing  process  is  over.  On  holding 
such  a  leaf  between  the  eye  and  the  light,  a  sufficiently  dark-brown 
coloration  of  these  veins  is  plainly  seen,  hence  it  is  only  the  surface 
which  is  devoid  of  coloring  matter.  There  is  hardly  any  other  expla- 
nation than  that  by  a  too  rapid  drying  the  epidermis  cells  of  the  veins 
died  tooquickly  aii  J  this  premature  death  caused  the  entrance  of  air 
into  and  perhaps  also  below  them,^  leading  to  the  optical  illusion  that 
coloring  matter  is  absent  in  the  veins,  although  the  interior  cells  (those 
of  the  vascular  bundle)  contain  it.*  The  microscope  reveals  colorless, 
and  air-containing  tissue  around  the  brown  sieve-tissue  masses  in  the 
**  white  veins,"  while  in  the  normally  colored  veins  the  tissue  surround- 
ing the  sieve  tissue  is  more  or  less  yellowish  brown.  The  presence  of 
'*  white  veins"  decreases  the  value  of  the  wrapper  leaf,  while  it  has  no 
influence  upOTTthe  viiiueof  the  fillers.  On  the  contrary,  such  fillers 
mayotten  be  vefyTaTaable.  To  prevent  the  "  white  veins"  there  seems 
no  other  way  possible  than  to  keep  the  barn  closed  in  prolonged  hot, 
dry  weather  and  to  occasionally  sprinkle  water  through  the  barn. 

"SALTPETER"  ON  TOBACCO. 

A  phenomenon  resembling  to  some  extent  that  of  "white  veins,"  but 
in  reality  very  different  from  it,  is  the  efflorescence  of  a  white  saline 
mass  ux)on  the  midrib  and  lateral  ribs  of  the  curing  tobacco  leaf.  The 
tobacco  planters  and  manufacturers  call  it  "saltpeter,"  but  sometimes 
there  are  only  traces  of  saltpeter  (nitrates)  fonnd  in  these  efflorescences. 
They  contain  principally  a  mixture  of  potassium,  sodium,  calcium,  and 
nicotine  salts.  The  writer  has  not  chanced  to  observe  an  efflorescence 
consisting  only  of  saltpeter,  although  the  possibility  of  such  an  occur- 
rence can  not  be  denied.  The  phenomenon  is  i>robably  caused  by  a 
long  spell  of  dry  weather  in  the  first  stages  of  the  curing. 

Finally,  it  may  be  mentioned  that  someffmes  a  while  mycelium  of 
some  fungus  makes  its  appearance  on  the  veins  of  the  curing  leaf. 


1  Snch  a  phenomenon  is  also  frequently  noticed  in  August  on  the  leaves  of  the 
peach  tree,  as  Dr.  Galloway  has  kindly  pointed  ont  to  the  -writer. 

«Mr.  Floyd  reported  to  the  writer  that  occaaionally  white  veins  are  also  notice- 
able in  plants  while  growing  in  the  fields,  and  that  in  snch  cases  the  leaves  are 
Qsnally  of  a  very  dark  green. 
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since  the  veins  retain  more  moistare  than  the  lamina  and  thns  favor 
fungous  growth  more  than  the  latter.  This  phebomenon  is,  however, 
very  easily  distinguished  from  that  of  the  genuine  ''white  veins/' 

'     METHODS  OF  SWEATINa. 

There  are  three  methods  of  sweating  practiced  io  the  United  States, 
viz: 

(1)  The  natural  sweat  in  cases. 

(2)  The  forced  sweat  in  cases. 

(3)  The  sweating  in  bulk. 

The  natural  sweat  is  a  slow  process  going  on  in  cases.  The  low  tem- 
perature in  winter  and  spring  in  conjunction  with  the  limited  access  of 
air  is,  however,  an  unfavorable  condition.  Besides,  the  absence  of  an 
energetic  sweating  process  favors  the  growth  of  fungi  upon  the  tobacco 
leaves  when  the  tobacco  has  been  packed  too  moist.  The  higher  tem- 
perature used  in  the  other  two  methods  hastens  the  process  of  sweating 
and  tlie  development  of  aroma,  and  thus  the  tobacco  can  be  put  on  the 
market  a  considerable  time  in  advance  of  what  could  ordinarily  have 
been  done.  The  advantage  of  an  early  market  is  much  desired  by  all 
packers. 

The  '*  force<l  sweat  in  cases"  requires  about  the  same  length  of  time 
as  the  ''sweating  in  bulk."  A  natural  sweat  for  from  six  to  ten  months, 
followed  by  a  sweating  in  bulk  for  from  two  to  four  weeks,  is  applied  in 
Lancaster,  Pa.,  for  filler  tobacco.  Only  when  fear  of  must  exists  is 
new  tobacco  there  at  present  subjected  directly  to  the  "forced  sweat 
in  cases,"  and  this  process  is  sometimes  followed  by  a  short  "sweating 
in  bulk"  when  the  color  for  the  fillers  has  not  become  dark  enough.^ 

An  important  difference  between  the  "sweating  in  bulk"  and  the 
"sweating  in  cases"  is  the  greater  access  of  air  in  the  former  method. 
The  amount  of  oxygen  for  the  "sweating  in  cases"  is  reBtricte<l  to  that 
contained  in  the  air  of  the  cases ^  and  in  the  air  which  enters  through 
the  sides  and  at  the  corners.  By  this  lessening  of  the  access  of  air 
the  processes  of  oxidation  are  retarded  and  a  considerable  rise  of  tem> 
perature  by  the  sweating  itself  is  prevented,  llence,  this  method  is 
carrie<l  on  in  rooms  at  from  37.7o  to  43.3o  C.  (lOO-llOo  F.)  without 
fear  of  undue  spontaneous  further  rise  in  temperature  in  the  tobacco 


'  Dark  tillers  and  light  wrappers  are  at  present  in  demand.  A  thorongh  Hweat, 
although  leading  to  a  fine  aroma,  will  also  produce  a  dark  color,  hence  the  sweat 
has  to  be  limited  when  wrappers  of  a  light  color  are  to  be  produced.  This  is  one  of 
the  reasons  that  the  wrappers  are  moistened  with  less  water  than  the  fillers  beforo 
sweating.  The  tip  of  the  leaf  la  better  adapted  for  wrappers  than  the  base  or 
'*heel/'  QA  the  tobacco  ma  mfacturer  calls  it,  on  account  of  its  greater  flexibility — 
produced  by  differences  in  the  vascalar  bundles  near  the  tip  which  consist  mainly 
of  spiral  vessels,  while  near  thn  base  there  are  also  pitted  vessels. 

'This  amount  is  small,  as  the  tobacco  leaves  are  packed  in  cases  with  the  aid 
of  a  press.  No  pressure  is  applied  for  the  fermentation  in  bulk,  in  order  not  to 
diminish  the  necessarily  limited  access  of  oxygen. 
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j  itself.  The  cases  are  piled  up  in  these  rooms  heated  often  merely  by 
I  an  iron  stove^  which  holds  a  vessel  of  water  to  produce  a  moist  temper- 
\     ature  so  as  to  prevent  the  tobacco  from  drying  out  too  much. 

With  the  "sweating  in  bulk"  the  condition  differs.*  The  rooms 
generally  have  a  temperature  averaging  from  21-28o  C.  (70-85o  P.), 
and  the  only  covering  for  the  tobacco  consists  of  blankets,  which 
admit  air  freely  between  the  sweating  "hands"  of  tobacco.  The 
oxidation  processes  can  therefore  be  carried  on  with  much  more 
energy,  leading  to  a  considerable  rise  in  temperature  above  that  of  the 
room,  a  rise  amounting  daily  to  fro^i  6  to  8^  G.  (9  to  14^  F.).  A  great 
advantage  of  the  fermentation  in  bulk  is  that  these  bulks  are  repeat- 
edly turned  over  and  rebuilt,  which  enables  a  minute  examination. 
A  careful  workman  is  thus  able  to  observe  whether  the  process  is 
going  on  normally  and  can  frequently  remedy  troubles.  The  forced 
8^eat-4n^  cases,  however,  does  not  have  this  advantage.  As  to  the 
ammonia  produced  by  the  sweating^  there  can  be  no  doubt  that  it  is  a 
normal  product  of  the  destruction  of  the  nitrogenous  compounds  by 
the  oxidizing  enzyms,  and  not  a  product  of  putrefaction,  as  held  by 
some  authors.  The  writer  showed  in  Report  No.  59  that  bacteria  of 
putrefaction  can  not  thrive  upon  tobacco  leaves  in  the  sweating  con- 
dition. Every  normally  sweated  tobacco  contains  some  ammonium 
salts.'^  It  depends  upon  the  amount  of  ammonia  thus  formed  whether 
a  tobacco  of  commerce  shows  a  faintly  acid,  a  neutral,  or  a  faintly  alka- 
line reaction. 

As  to  the  question  which  especial  compounds  are  attacked  in  the 
sweating  process  by  the  oxidizing  enzyms  in  the  leaves,  it  is  probable 
that^lL-soluble  organic  compounds  present  in  the  leaf  are  attacked, 
btrtwith  a  dtflferent  degree  of  intensity.  Although  certain  com- 
XK>unds,  such  as  nicotine,  may  be  attacked  with  dif&culty,  a  noticeable 
amount  may  nevertheless  become  oxidized  in  the  course  of  time,  since 
the  sweat  in  the  bulk  or  the  forced  sweat  in  cases  lasts  about  six 
weeks.  The  oxidation  need  not  lead  directly  to  the  production  of 
carbonic  acid  with  every  compound,  as  there  may  be  formed  inter- 
mediate oxidation  products,  which  undergo  further  oxidation  but 
slowly.  By  allowing  the  temperature  to  rise  to  about  G5o  C,  which  is 
5  degrees  higher  than  the  generally  adopted  maximum,  the  oxidation 
may  even  extend  so  far  that  the  aroma  first  produced  is  again 
destroyed  and  that  the  extractive  matters  are  diminished  until  a  very 
large  percentage  of  the  tobacco  consists  of  mere  cellulose.  Tobacco 
manufacturers  call  such  an  inferior  product  "papery."  Nevertheless 
the  temperature  of  the  fermenting  wrappers  in  Sumatra  is  sometimes 

I  Report  No.  60,  U.  S.  Department  of  Agriculture,  Temperature  Changes  in  the 
Fermenting  Piles  of  Cigar  Leaf  Tobacco,  by  Milton  Whitney  and  Thomas  H.  Means. 
This  report  contains  a  full  description  of  the  '^ sweating  in  bulk"  as  practiced  in 
Florida. 

^Thoms  obtained  38  grains  of  ammonium  sulphate  from  15  kilograms  sweated 
tobacco  on  distillation  with  steam;  but  only  a  part  of  the  ammouia  is  obtained  in 
-fehis  way.    Various  analyses  giye  from  0.05  to  0.5  per  cent  ammonia  in  tobacco. 
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allowed  to  reach  66^  0.  (109o  F.),  as  Van  Bemmelen  reports.^  When 
this  temperature  is  kept  np  for  some  time  or  is  allowed  to  rise  some 
degrees  higher,  the  tobacco  loses  its  power  of  heating  up  again  when 
the  heap  is  repacked.  The  oxidase  and  catalase  are  now  killed. 
Snch  tobacco  is  called  ^'cooked."  It  is  knotty  and  curled  and  the 
fiber  has  lost  much  of  its  elasticity.^ 

NOTES  ON  THE   BACTERIAL  HYPOTHESIS  OF  SWEATINa. 

Although  it  was  shown  in  Beport  No.  59  that  Suchsland's  bacterial 
hypothesis  of  the  sweating  of  the  tobacco  is  unfounded  and  that  the 
true  cause  of  the  oxidation  in  the  sweating  process  must  be  attributed 
to  the  presence  of  oxidizing  enzyms  in  the  tobacco  leaf  itself,  never- 
theless some  persons  still  adhere  to  the  bacterial  hypothesis.  But  it  is  a 
simple  matter  for  anyone  to  convince  himself  by  direct  microscopical 
examination  of  scrapings  from  moistened  sweating  wrapper  leaves  that 
the  numerous  bacteria  which  would  be  expected,  by  the  hyi)othesis, 
are  not  there.  Even  if  we  assume  that  the  supposed  tobacco  bacteria 
are  characterized  by  extraordinary  capacities  of  oxidation  and  fermen- 
tation, and  that  therefore  a  restricted  number  might  account  for  a 
great  deal  of  work,  several  millions  at  least  should  exist  for  every 
square  inch.  Further,  it  is  evident  that  the  conditions  on  the  tobacco 
leaves  are  most  unfavorable  for  bacterial  growth.  It  was  pointed  out 
by  the  writer  that  the  water  content  of  a  fermenting  wrapper  leaf  is 
utterly  insufficient  to  bring  the  nutritive  compounds  from  the  interior 
of  the  cells  to  the  surface,  the  moisture  being  barely  sufficient  for  the 
proper  imbibition  of  membranes  and  cell  contents.  The  easily  soluble 
matters,  such  as  oxidizing  enzyms,  will  no  doubt  dissolve,  but  this  solu- 
tion will  be  retained  in  the  chief  mass  of  the  cell  contents. 

Let  us  assume  that  all  the  water  of  a  sweating  leaf  would  be  avail- 
able for  the  cell  contents — none  being  retained  by  imbibition  of  the  cell 
membranes — and,  further,  that  one-half  of  the  cell  contents  is  easily 
soluble  in  water,  although  in  reality  two-thirds  are  easily  soluble  in 
their  own  weight  in  water.  A  fermenting  wrapper  leaf  with  a  water 
content  of  20  i)er  cent^  would  then  contain  a  solution  of  organic  matter 
of  a  strength  of  50  per  cent,  since  ripe  wrapper  leaves  of  good  quality 
and  capable  of  fermentation  contain  in  the  dry  substance  an  average 
of  40  per  cent  of  matter  soluble  in  water.**  In  such  a  solution  of  50  per 
cent  of  organic  substances  bacteria  can  not  multiply.    Even  mold 

'  Landw.  Vers,  Stat.  vol.  37,  p.  383. 

>  This  is  the  experienco  of  tobacco  mauufactnrers  of  Florida,  and  has  been  men- 
tioned to  tlie  writer  by  Mr.  M.  L.  Floyd. 

3  The  tenacity  and  cohesion  of  wrapper  leaves  are  |ronerally  seriously  injured  as 
soon  as  the  water  content  is  increased  above  27  per  cent  while  the  sweating  is 
goinn:  on. 

*  Of  course  the  percentage  of  soluble  matters  varies  considerably  in  different 
grades  of  tobacco. 
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fungi  iind  it  rather  difficult  to  live  under  those  conditions.'  In  reality 
the  conditioDS  are  still  much  less  favorable  for  bacteria  than  we  have 
assumed  in  this  calculation.  The  high  temperature  is  also  an  obstacle 
to  most  bacteria.  Fermenting  wrapper  leaves  sometimes  reach  a  tem- 
perature of  60^  G.  (140^  F.),  and  still  ferment  again  when  the  heap  is 
repacked.  It  would  be  a  very  easy  matter  to  isolate  the  active  bacteria, 
if  they  should  belong  to  the  few  thermophylic  kinds  that  can  be  active 
in  such  a  high  temperature.  But  nine  yeais  have  passed  since  the 
promulgation  of  the  bacterial  theory  of  tobacco  fermentation,  and  thus 
far  there  is  nowhere  to  be  found  a  scientific  description  of  the  supposed 
tobacco  bacterium. 

The  following  experiment  shows  that  bacteria  from  the  very  surface 
of  the  tobacco  leaves  can  not  thrive  in  a  concentrated  tobacco  extract. 
Such  an  extract  containing  30.2  per  cent  of  solid  matter  was  sterilized 
and  a  small  piece  (about  1  cm.  square)  of  a  ireshly  cured  tobacco  leaf^ 
introduced,  after  which  the  flask  was  plugged  with  cotton.  After  10 
days  neither  a  scum  nor  a  turbidity  indicating  the  presence  of  bacteria 
could  be  noticed,  but  some  clot-like  masses  were  observed.  These 
masses  proved  to  consist  of  a  mycelium  of  a  fungus,  while  even  with 
the  highest  magnifying  power  no  microbes  could  be  observed.  How- 
ever, a  dilute  solution,  prepared  by  diluting  the  former  with  ten  times 
its  volutkie  of  water,  formed  a  bacterial  scum  within  two  days  upon 
exposure  to  the  air. 

In  a  second  trial,  with  a  concentrated  solution  of  25  per  cent  of 
tobacco  extract  (contained  in  a  test  tube)  exposed  to  the  air  for  ten  days 
to  admit  various  kinds  of  microbes,  there  was  neither  a  scum  nor  a 
bacterial  turbidity  produced.  On  microscopical  examination,  however, 
some  few  bacteria  could  be  noticed.  Now,  if  solutions  of  such  concen- 
trations are  so  very  unfavorable  for  bacterial  growth,  how  much  more 
must  this  be  the  case  for  the  much  higher  concentration  to  be  found  in 
the  cells  of  the  fermenting  wrapper  leaver? 

Further  experiments  proved  that  even  at  a  water  content  of  35  and 
40  per  cent  present  in  fermenting  fillers^  bacteria  can  not  flourish  upon 
the  leaf  surface  at  the  temperature  of  the  fermenting  piles.  In  freshly 
cured  heavy  tobacco  the  water  was  determined  and  enough  water  added 
so  that  in  two  samples  the  percentage  reached  35  and  40  per  cent, 
respectively.  These  leaves  were  rolled  up  and  placed  in  flasks,  which 
were  sealed  with  paraffin  and  kept  for  five  days  at  a  temperature  of 
from  530  to  550  0.,  there  being  an  abundance  of  air  in  the  flasks.    For 


'  According  to  Splendore  (Revista  Tecnica;  Roma,  1899),  Oospora  NicotiansB  can  not 
develop  upon  tobacco  that  has  less  than  26  per  cent  of  water,  and,  acc<Frding  to 
Behrens  (I^andw.  Vers.  Stat.,  Aug.,  1899),  Botrytis  requires  at  least  30  per  cent  of 
water  in  cured  tobacco  to  be  able  to  grow  on  it. 

2  This  tobacco  contained  catalase,  oxidase,  and  peroxidase  and  was  subjected  to 
" sweating ''  or  "fermentation  in  bulk."    It  sweated  normally. 

3  Hands  of  filler  tobacco  are  dipped  with  their  base  deeper  into  the  wat^r  than 
hands  of  wrapper  tobacco,  thus  securing  a  higher  water  content. 
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a  short  time  the  temperatare  reached  59<^9  bat  since  even  60^  is  fre- 
quently observed  in  the  fermenting  tobacco  piles  this  temperature 
should  not  be  expected  to  kill  the  supposed  tobacco  bacteria.  The 
microscopical  examination  of  the  leaves  after  five  days  proved  the 
absence  of  a  bacterial  coating.  Only  here  and  there  a  microbe  was 
found,  but  upon  staining  and  counting  in  everything  which  had  any 
resemblance  to  a  spore  or  bacillus  there  were  not  more  than  600 
microbes  to  the  square  inch.  The  examination  was  made  not  only  of 
scrapings  of  the  moistened  surface,  but  of  the  triturated  parts  of  the 
leaf  itself. 

Recently  a  treatise  by  fi.  Vemhout  has  appeared  in  which  a  microbe 
closely  related  to  Bacillus  subtilis  is  described  ironi  fermenting  tobacco 
leaves  in  Java.*  The  author  ascribes  to  this  the  phenomena  of  tobacco 
fermentation.  The  proof,  however,  that  this  microbe  can  produce  fer- 
mentation and  can  multiply  on  tobacco  leaves  with  only  25  per  cent 
wator  has  not  been  adduced.  His  further  remark  that  a  sample  of  cured 
tobacco  did  not  contain  any  oxidase  or  peroxidase  does  not  require  any 
further  comment,  since  these  enzyms  may  disappear  as  above  mentioned 
under  unfavorable  conditions,  while  catalase,  the  third  oxidizing  enzym, 
still  may  persist. 

SWEATING  MUSTY  TOBACCO. 

\  /  The  complaints  about  "  musty  tobacco,"  "  whito  mold,"  and  "  black 
rot"  in  tobacco  packed  in  cases  are  quito  frequent.  Moist  weather 
toward  the  end  of  the  curing,  and  especially  while  stripping  and  pack- 
ing are  going  on,  favors  these  injuries.  Apparently  quito  healthy 
tobacco  will  often,  aftor  having  passed  through  the  natural  or  cold 
sweat,  have  a  moldy  odor'  or  a  cover  of  a  white  film  of  fungus 
mycelium,  or  even  patohes  where  the  leaves  are  transformed  into  a 
powder  by  the  so-called  black  rot.^  Dark  heavy  tobacco  is  said  to  be 
most  damaged  by  ^'  whito  mold."  Because  of  this  damage  the  value 
of  the  tobacco  is  decreased  to  about  one-sixth  of  the  original.  A 
tobacco  manufacturer  assured  the  writer  that  out  of  1,600  cases  of 
tobacco  of  a  particular  crop  he  found  1,300  cases  more  or  less 
damaged  in  this  way,  and  he  estimated  the  damage  annually  caused 
in  this  country  at  about  $1,000,000.  Repiicking  after  removing  the 
worst  portions  affords  but  a  poor  help  and  but  for  a  short  time. 
In  the  case  of  black  rot  further  serious  damage  can  be  prevented 
more  easily  by  repacking,  since  this  fungus  does  not  continue  to 
spread  after  cold  weather  sets  in  in  autumn.    The   chief  remed' 


'  Onderzoek  over  Bakterien  bij  de  Fenuentatic  der  Tabak,  Batavia,  18i)9. 

'  The  moldy  odor  is  oaused  by  the  growth  of  the  common  mold  fungus,  Penioilliwm 
glauoum. 

3  In  a  case  of  black  rot  examined  by  Mr.  K.  A.  Bensey;  in  which  the  cohesion  of  the 
parts  of  the  leaf  was  destroyed  and  patches  of  it  transformed  into  a  pulve^^mi 
massi  the  fanguB  Sterigmatocy»iit  nigra  {Aspergillw  niger)  was  found. 
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appMed  at  present  is  a  <<  forced  sweat^^  in  which  the  masty  odor 
disappears  and  the  mycelia  of  the  fangi  are  killed;  but  when  this 
process  is  not  thoroughly  carried  on  the  spores  may  be  uninjared,  and 
thns  it  happens  that  the  musty  odor  may  come  back  again  when  these 
spores  develop. 

^..^JUdaJorced  sweat  is  carried  on  in  the  presence  of  much  water — 4/;  or 
50  per  cent — and  is  therefore  suitable  only  ^or  fillers,  since  under  such 
conditions  the  wrapper  leaf  would  deteriorate  considerably.  The  writer 
has  observed  that  with  a  room  temperature  of  26.6^  G.  (80o  F.)  and  a 
water  content  in  the  tobacco  of  47.0  per  cent  the  temperature  of  a  large 
box  filled  with  such  moistened  musty  tobacco  was  markedly  increased 
within  four  hours,  and  in  two  days  reached  a  temperature  of  40.5^  0. 
(105O  F.).  From  three  to  four  days  are  allowed  for  this  sweat  in  som- 
nier,  and  from  one  to  two  weeks  in  winter.^  Tobacco  that  has  passed 
through  a  <' forced  sweat ^'  will  not  again  heat  up  sufficientlyf  while 
after  a  cold  or  natural  sweat  it  will  heat  up  readily. 

Some  suggestions  might  be  made  as  to  how  to  prevent,  as  far  as  possi 
ble,  the  deterioration  of  cured  tobacco  by  fungi.  Whenever  the  stripping 
cellars  are  underground  or  immediately  under  the  curing  barn,  the 
moisture  of  the  air  in  the  cellar  often  increases  to  such  an  extent  that 
the  stripped  tobacco  absorbs  too  much  moisture  before  it  is  packed. 
When  thew9(te£-oettteat  of  tobacco  rises  ahi  i  vw  30  par  ftant  thftra  \^  grpAt. 
(l(iii«;er  of  the  development  of  fungus  spores  which  may  be  present  on  the 
td>l>«icc6. leaves.  Besides,  in  such  damp  localities  various  fungi  develop 
on  t he  floor  and  walls  wheie  organic  impurities  have  gained  lodgment, 
and  hence  the  opportunities  for  the  infection  of  the  tobacco  in  the 
stripping  process  are  much  enhanced.  Some  farmers  have  recognized 
thiit  dangerous  source  of  infection  and  fumigate  the  stripping  cellars 
with  burning  sulphur  before  commencing  the  work.  The  mycelia  of 
fungi  can  easily  be  destroyed  by  this  process,  but  the  more  resistant 
spores  may  esca[)e  destruction.  Another  means  of  cleaning  the  cellars 
is  to  whitewash  them  several  times  with  freshly  slaked  lime  and  dry 
them  out  well  with  artificial  heat  before  the  stripping  commences.  It 
would  be  still  better  to  have  the  stripping  localities  above  ground  and 
have  them  kept  warm  while  the  stripping  is  going  on. 

An  essential  step  of  progress  would  be  made  by  giving  up  altogether 
the  natural  or  cold  sweat  and  by  replacing  it  with  the  '^sweating  in 
bulk,"  to  be  carried  oat  soon  after  the  curing  process  is  finished.  The 
fungus  si)ores,  the  germination  of  which  is  hastened  by  heat,  are  grad- 
ually killed  in  that  state  when  the  temperature  rises  above  50^  C,  and 
t  has  the  fungus  development  injurious  to  the  tobacco  is  easily  avoided. 

A  few  words  may  be  said  in  this  connection  about  measures  for  the 
prevention  of  stem  rot.  <^Stem  rot,"  a  disease  sometimes  developing 
ind  spreading  in  the  curing  barn,  ba8"beeit  investigated  by  Dr.  W.  0. 


*  \ 
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^Sn  's  r  Hw  ated  tobacco  is  generally  not  packed  again,  but  serves  directly  for 
the  mannt'acture  of  cigars. 
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StargiSy  who  named  the  Aingas  Botrytis  Umgibranchiata,^  He  reoom* 
mends  that  all  the  diseased  stems  and  leaves  be  collected  and  burned 
at  once,  before  the  fangos  is  farther  developed  and  before  its  spores 
can  be  scattered  about  by  any  current  of  air.  He  farther  suggests 
sprinkling  the  floor  of  the  barn  with  a  mixture  of  equal  parts  of  air- 
slaked  lime  and  sulphur,  and  the  fumigation  of  the  tightly  closed  bam 
with  burning  sulphur  a  fortnight  before  the  tobacco  is  harvested,  and 
again  after  the  removal  of  the  cured  tobacco  from  the  barn.  It  may  be 
added  here  that  washing  the  floor  with  thick  milk  of  lime  which  has 
been  recently  slaked  in  the  usual  way  has  also  been  found  beneficial. 

ABOMA  OF  THE  TOBACCO. 

The  odor  developed  in  smoking  a  cigar  may  be  partly  due  to  the 
mere  volatilization  of  products  of  the  sweat  and  partly  to  the  destruc- 
\  tion  of  certain  compounds.  The  heat  of  the  glowing  surface  reach- 
ing the  neighboring  sections  which  are  not  in  full  contact  with  air 
Wnses  there  volatilization  and  various  decompositions  by  dry  distilla- 
tion. Products  of  pleasant  and  of  unpleasant  odor  are  components  of 
the  smoke,  and  it  is  the  chief  aim  of  the  progressive  dealers  in  the 
tobacco  trade  to  reduce  the  amount  of  the  latter  components  to  a  mini- 
mum. In  the  smoke  of  tobacco  have  been  found  besides  carbonic  acid 
and  water,  nicotine,  ammonia,  carbonic  oxid,  occasionally  nicotianine 
and  traces  of  hydrogen  cyanide,  and  hydrogen  sulphide.  Recently 
pyridine,  trimethylamine,  and  butyric  acid  have  been  found  in  it  by 
Thorns.^  The  pyridine  is  produced  by  the  decomposition  of  nicotine, 
while  the  hydrogen  cyanide,  hydrogen  sulphide,  and  butyric  acid  are 
probably  derived  from  protein  compounds. 

The  soil,  climate,  and  weather  on  the  one  hand  and  careful  treatment 
in  the  curing  and  sweating  of  the  tobacco  on  the  other  have  great  influ- 
ence in  the  production  of  a  cigar  leaf  having  the  proper  aroma  in 
smoking.  This  flavor  must  be  distinguished  from  the  odor  which  the 
N  sweated  tobacco  leaves  show  directly  without  being  heated  or  smoked. 
The  writer  ])roposes  to  designate  the  former  alone  as  aroma,  while  the 
latter  will  be  called  simply  odor.  The  use  of  this  distinction  is  made 
in  the  following  lines. 

The  odor  of  the  sweated  tobacco  leaves  doubtless  stands  in  a  certain 
relation  to  the  aroma  generated  in  smoking,  generally  a  pleasant  odor 
justifying  the  inference  of  a  fine  aroma;  but  this  is  by  no  means  always 
so,  and  cases  occur  where  a  sweated  tobacco  of  pleasant  odor  produces 
a  disagreeable  odor  on  being  smoked.  The  aromatic  substances  may 
here  escape  perception  because  of  the  presence  of  other  and  undesirable 
compounds.  The  substances  which  impart  the  odor  are  easily  soluble  in 
water,  since  tobacco  extracted  with  water  and  dried  again  has  no  longer 


'  Couu.  Agr.  Expt.  Statiou,  Auiitial  Keport,  1891,  p.  185. 
sCliem.  Zeitg.,  1899,  No.  80. 
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its  characteristic  odor.  << Nicotine  free"  cigars  made  of  snch  tobacco 
are  also  devoid  of  auy  trace  of  aroma.  Treatment  with  mach  alcohol 
also  removes  the  odor  more  or  less,  and  this  alcoholic  extract  on  evapo- 
ration at  the  ordinary  temperature  leaves  a  residue  recalling  the  odor 
of  the  tobacco.  This  residue  upon  treatment  with  ether  can  be  sepa- 
rated into  a  soluble  and  an  insoluble  part,  but  neither  of  these  has  any 
odor,  showing  that  the  substances  which  caused  the  odor  are  easily 
volatilized  or  chemically  changed.  Indeed,  they  are  easily  changeable, 
as  can  be  observed  when  sweated  tobacco  is  distilled  with  water.  Five 
hundred  and  fifty  grams  of  Florida  tobacco  of  a  superior  odor  were 
mixed  with  eight  times  its  weight  of  water  and  nearly  300  c.  c.  were 
distilled  off.  On  the  surface  of  the  slightly  turbid  distillate,  which  had 
a  weak  but  rather  disagreeable  odor,  resembling  somewhat  that  of  ran- 
cid oils,  minute  oil  drops  were  Seen.  Not  oiily  was  the  distillate  devoid 
of  any  specific  odor,  but  also  the  contents  left  in  the  flask  had  lost  the 
original  odor.  The  odor  is  also  easily  removed  by  dry  heat.  Two 
hours  exposure  to  air  at  a  temperature  of  100°  C.  (212o  F.)  suffices  to 
deprive  tobacco  of  most  agreeable  odor  of  this  desirable  quality. 

Tobacco  leaves,  even  from  the  best  tobacco  regions,  are  by  no  means 
distinguished  by  i)eculiar  flavor  in  their  fresh  or  cured  state.^ .  The 
curing  exerts  a  beneficial  effect  upon  the  quality  of  the  aroma  only  in 
so  far  as  a  part  of  the  ])roteiQ  is  destroyed  by  it.  Cured  tobacco,  even 
from  the  best  sources,  has  a  mere  straw  odor.  The  fine  odor  and  genu- 
ine aroma  are  generated  by  the  sweating  process.  The  better  regulated 
the^sweat'iTTj;  process,  the  finer  the  aroma,  other  thin^s^being.e^ual. 
Whenever  the  sweat  is  not  proceeding  well — ascribed  sometimes  to  a 
high  fat  content,  or  perhaps  caased  by  imperfect  curing,  or  by  inju- 
ries to  the  oxidizing  enzyms  in  the  curing  barn — the  product  will  have 
a  poor  aroma.  These  circumstances  make  it  clear  that  the  original 
resin  in  the  leaves  can  not  be  the  cause  of  the  aroma,  as  some  authors 
have  surmised.  Indeed,  the  resinous  matter  from  fresh  or  cured  leaves 
does  not  show  any  particular  flavor  when  heated  j  neither  has  the  ethe- 
real oil  contained  in  the  hairs  of  the  fresh  leaves  a  beneficial  effect  on 
the  quality  of  the  tobacco. 

It  is  well  known  that  it  is  especially  the  so-called  gummy  leaves  that 
sweat  best  a_nd  ^ve  the  finest  aroma.  Such  leaves  are  found  among 
*^e  upper  and  not  among  the  lower  or  sand  leaves,  and  are  very  rich  in 
extractive  matters.  When  such  leaves  are  shrinking  in  the  process  of 
drying  in  the  curing  process,  these  soluble  matters  may  sometimes  be 
forced  to  the  surface,  to  some  extent,  in  the  form  of  a  concentrated  solu- 

^  While  the  juice  of  fresh  tobacco  leaves  assumes;  after  a  short  time,  the  odor  of 
CQcamberSy  iresh  leaves  dried  at  50^  C,  and  afterwards  moderately  warmed  with 
water,  gradually  develop  the  agreeable  odor  of  dried  malt;  au  interesting  fact;  since 
the  germinating  barley  on  the  malting  floor  also  at  first  develops  the  odor  of  cucom- 
hers. 
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tion,  hence  sach  leaves  feel  sticky  or  gammy  to  the  touch.  By  a  thor- 
oagh  sweat  this  ''gam  i8  taken  out,''  as  the  manufacturer  says;  in  other 
words  these  extractive  matters  are  more  or  less  oxidizedJ  It  is  there- 
fore of  interest  to  determine  the  amount  of  soluble  matter  left  after 
sweating.  This  amount  varies  considerably,  from  30  to  54  per  cent. 
The  insoluble  matter  consists  mainly  of  cellulose,  lignin,  protein,  color- 
ing matter,  fot,  resin,  and  ash.  With  some  samples  the  following 
results  were  obtained : 


Soluble 37.1         83.8'      37.5  44.3 

Insoluble «2.»        fl8.2  '      82.5'       M.7 


1. 

2. 

3. 

37.1 
02. » 

1 

83.8         37.5 
W.  2  >      02. 5  < 

Sample  No.  2  showed  saline  efflorescences  (so-called  ''  saltpeter")  on 
the  veins.  Sample  No.  4  consisted  of  co-called  ''  gummy  leaves."  The 
ash  varied  from  19.4  to  22.1  per  cent  in  those  samples. 

It  was  formerly  believed  that  the  aroma  was  chiefly  due  to  the  so- 
called  tobacco  camphor  or  nicotianine — a  crystalline  volatile  product 
which  was  obtained  by  distillation  of  sweated  tobacco  with  water. 
Hermbstadt  tried,  as  early  a-s  1821,  to  isolate  this  aromatic  principle. 
On  distilling  various  samples  with  six  times  the  weight  of  water  he 
obtained  a  distillate  yielding  a  precipitate  with  acetate  of  lead, 
from  which  a  crystallized  compound  of  a  strong  tobacco  flavor  was 
obtained,  which  he  called  nicotianine.  Later  on  this  product  was 
studied  by  Posselt  and  l.ieman,  and  also  by  Barral.  Two  formulas 
have  been  calculated  from  Barral's  results,  namely,  023H32N2O3  and 
C36H48N305.  Barral  states  that  it  yields  nicotine  on  distillation  with 
potassa.  This  prodact  may  possibly  be  formed  from  nicotine  in  the 
process  of  sweating,  but  it  is  by  no  means  contained  in  every  tobacco. 
A  number  of  chemists  have  failed  to  observe  it  and  the  writer  has  tried 
in  vain  to  obtain  it  from  Florida  tobacco.  The  aqueous  distillate  from 
tlie  Florida  tobacco  contained,  besides  small  oil  drops,  some  ammonium 
carbonate,  and  the  precipitate  obtained  with  basic  acetate  of  lead  was 
nothing  bat  lead  carbonate.^  Probably  the  nicotianine  is  only  an  occa- 
sional x)rodact  in  very  heavy  tobacco.  Odor  as  well  as  aroma  is  evi- 
dently caused  not  by  a  single  compound,  but  by  a  mixture  of  com- 


'The  word  ''gnm'^  is  applied  in  other  conotries  in  the  same  Bense  as  the  word 
''life"  is  with  tobacco  in  America,  signifying  a  certain  elasticity  of  the  tobacco 
leaves.  The  word  ''gam  "  in  this  connection  is  derived  from  the  erroneoas  idea  that 
the  elasticity  is  oansed  by  a  content  of  "  gnmmi  elasticum  "  or  caoutchouc.  Behrens 
has  recently  shown  that  the  "life"  of  fermented  tobacco  leaves  is  due  to  a  greater 
amount  of  hygroscopic  moisture,  caused  by  a  higher  percentage  of  malates  of 
potassa  and  soda. 

'The  results  obtained  by  the  firm  of  Srhimiiiel  &  Co.,  in  Leipzig  (recently  pub- 
lished in  Chemiker-Zeitungi  1899,  No.  >^0\  are  in  full  accord  with  the  writer's  obser- 
vations. No  nicotianine,  but  considerable  ammonia  was  present  in  the  aqueouB 
distillate  of  the  sweated  tobacco  tested. 


\ 


53 

pounds,  nicotine  contributing  iu  a  certain  measure  to  the  formation  of 
these.^ 

It  was  observed  by  Jenkins,  Behrens,  Kissliug,  and  others  that  a 
certain  amount  of  nicotine  (one-fourth  to  one-third)  is  destroyed  by 
the  process  of  sweating;  hence  it  is  natural  to  connect  the  formation  of 
aromatic  products  with  the  disappearance  of  a  certain  portion  of  the 
nicotine.  Cured  tobacco  rich  in  nicotine  may,  by  a  thorough  sweat, 
become  poor  in  nicotine  and  rich  in  aroma,  while  after  an  insufficient 
sweat  it  will  be  rich  in  nicotine  but  poor  in  aroma. 

It  is  a  well-known  fact  that  a  high  content  of  nicotine  in  a  cigar  is 
often  associated  with  a  poor  aroma.  Strong  cigars  are  not  always  the 
best.  But  all  attempts  to  produce  by  partial  oxidation  of  nicotine  sub- 
stances of  an  aroma  similar  to  that  of  good  cigars  have  thus  far  failed. 
By  moderate  oxidation,  as  brought  on  by  silver  oxide  or  hydrogen 
peroxide,  nicotyrine  and  oxynicotiue  result,  while  by  a  more  powerful 
oxidation  nicotic  acid  is  formed — products  which  have  no  relation  to  the 
odor  and  aroma  of  sweated  tobacco.  The  writer  has  also  applied  plati- 
num-black as  an  oxidizing  agent.  It  was  left  to  act  for  several  weeks 
on  a  4-per-cent  aqueous  solution  of  nicotine  at  the  ordinary  temperature 
as  well  as  at  about  50<^  0.,  but  the  desired  effect  was  not  observed, 
although  the  nicotine  became  much  altered.  Evidently  the  oxidation, 
caused  by  the  oxidizing  enzyms  in  the  sweating  heaps,  takes  a  different 
direction. 

Becent  investigations  of  Thorns^  have  shown  that  the  flavor  of  the 
tobacco  smoke  is  chiefly  due  to  an  ethereal  oil  which  is  produced  by  dry 
distillation  in  the  process  of  smoking  from  a  product  of  the  sweat. 
Twenty  kilos  of  tobacco,  smoked  by  an  aspirator,  yielded  75  grams  of 
this  oil,  which  was  of  a  stupefying  odor  and  produced  headache  and 
trembling  of  the  limbs  when  inhaled  in  a  concentrated  state.  It  con- 
tained, among  other  things,  9  grams  of  a  phenol  of  creosote-like  odor. 

The  best  method  of  avoiding  the  poisonous  action  of  the  tobacco 
smoke  while  enjoying  its  beneficial  stimulating  effects  is  found  with 
the  Turks,  Arabs,  and  Persians.  The  use  of  a  wash  bottle  (nafas) 
before  the  smoke  reaches  the  mouth  removes  a  great  deal  of  the  poison- 
ous products.  G^rgiades  found  that  each  18  grams  of  tobacco  (a 
pipe  full)  showed  0.947  gram  nicotine,  the  nafas  through  which  this 
quantity  of  tobacco  was  smoked  showed  0.595  gram  nicotine,  while  the 
wskshed  smoke  from  same  amount  contained  but  0.0225  gram. 

INJURY  TO   THE   ABOMA. 

^  The  aroma  may  be  injured  by  various  causes,  as,  for  example,  by  a 
high  content  of  fat  or  of  protein  in  the  tobacco.    Certain  tobaccos  which 

'  Opinions  as  to  the  formation  of  the  aroina  are  much  divided.  Van  Bemmelen 
(Landw.  Vers.  Stat.  37;  388)  holds  that  the  organic  acids  of  the  leaves  have  a 
certain  influence. 

sChem.-Zeitg.,  1899.,  No.  80. 


64 

have  a  fine  odor  at  the  ordinary  temperature  have  but  a  poor  aroma 
when  smoked,  since  the  aromatic  substances  may  be  disgaised  by  the 
products  of  dry  distillaticm  of  fat  and  protein  when  the  cigar  is  smoked. 
A  high  fat  content  is  indeed  very  injurious.  Other  compounds  also, 
^interfering  seriously  with  the  aroma,  appear  sometimes  to  be  produced 
under  certain  climatic  conditions.  For  example,  the  tobacco  proiluced 
in  Connecticut  in  the  unusually  wet  season  of  1897  was  so  inferior 
that  the  sales  did  not  pay  the  outlay  for  fertilizers.^  The  buyers 
claimed  that  the  cured  tobacco  had  a  '^  stink  *'  about  it  and  that  it  also 
showed  a  similar  odor  after  sweating.  Such  injurious  products  seem 
'  not  infrequently  to  be  present.  It  is  on  this  account  that  tobacco  is 
subjected  in  certain  factories  to  a  strong  curi-ent  of  air  for  twenty-four 
hours  at  the  ordinary  temperature,  in  order  to  take  out  the  ^^rank" 
odor  before  it  goes  to  the  bench  for  cigar  making.  Indeed  the  air 
which  has  passed  through  such  tobacco  contains  a  very  sharp  substance 
which  brings  tears  to  tlie  eyes. 

The  influence  of  climate  ui>ou  the  formation  of  certain  products  iu 
the  tobacco  plant  may  also  be  inferred  from  an  observation  made  by 
Schimrael.  While  43  kilograms  of  tobacco  from  South  America  yielded 
on  distillation  with  water  mere  traces  of  a  volatile  oil,  15  kilograms  of 
German  tobacco  yielded  6  grams  of  a  thick  and  dark-colored  oil  having; 
an  odor  similar  to  that  of  camomile.  This  oil  contained,  according  to 
Thoms,  no  teri>ens,  but  it  contained  among  other  things  a  small  amount 
of  a  x)henol.  A  further  injury  to  the  aroma  is  to  be  expected  from  the 
treatment  of  the  tobacco  in  the  field  with  paris  green  and  other  arse- 
nious  preparations  to  destroy  caterpillars.  Many  tobacco  growers 
avoid  the  use  of  such  preparations  altogether  and  do  not  begrudge  the 
extra  expense  for  the  labor  required  in  picking  oft'  the  caterpillars  by 
hand.  Others  apply  Paris  green  only  in  the  young  stages  of  the  plant — 
1  part  well  mixed  with  100  parts  of  flour — but  in  certain  districts, 
where  caterpillars  occasionally  become  very  numerous,  Paris  green  is 
applied  on  the  ripening  leaves  in  proportions  of  about  one-fourth  of  a 
pound  to  40  gallons  of  water.  In  one  i)ound  of  sweated  tobacco  from 
such  fields  M.  Peter  found  from  a  trace  to  1.7  grains  arsenious  acid.^ 
Such  tobacco  when  smoked  may  be  expected  to  have  a  disagreeable 
odor,  since  even  the  smallest  quantity  ofjarsenious  acid  produces,  in 
contact  with  a  glowing  substance,  a  disagreeable  odor  resembling  that 
of  garlic.  But  more  serious  than  the  injury. to  the  aroma  is  the  injury 
to  health  when  such  iK)isoned  tobacco  is  habitually  smoked.  An  injury 
to  the  odor  of  tobai'co  may  also  be  caused  by  the  development  of  certain 
fungi  on  cigars  kept  in  a  too  moist  atmosphere.  Even  a  putrid  odor 
may  thus  be  produced,  as  Splendore  has  observed  in  one  case.^ 


'On  the  other  hand  too  dry  seasonB  are  jnst  as  injurious,  since  tlie  tobacco  pro- 
daced  may  refuse  to  sweat. 

'This  wonld  correspond  to  0.025  per  cent  arsenious  acid  or  about  0.05  per  cent 
pariH  green. 

*U  tobacco,  p.  11,  1899. 
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Numeroas  experiments  have  been  made  to  improve  the  aroma  of 
poor  tobacco.  Oxidizing  media  have  been  applied  to  destroy  sapposed 
iujnrioas  by-products.  The  writer  tested  the  action  of  a  1  per  cent 
solution  of  potassium  permanganate  for  five  minutes,  but  the  results 
were  not  encouraging,  on  account  of  the  iiy^i^y  ^  certain  other 
properties. 

Other  methods  consist  in  the  application  of  substances  of  powerful 
aroma.  For  example,  we  find  among  the  ingredients  for  the  preparation 
of  petnning  liquids  anise  seed,  cloves,  cinnamon,  coffee,  and  tincture  of 
valerian.^  In  Cuba  tonka  beans  and  vanilla  beans  are  also  used  to 
improve  the  aroma,  but  with  very  rank  tobaccos  even  such  ingredients 
prove  insufficient.  The  important  question  of  how  to  improve  x>oor 
products  deserves  careful  attention  and  further  detailed  study. 

NITRITE  CONTiJNBD   IN  SWEATED   TOBACCO. 

Although  the  tobacco  of  commerce  has  been  the  object  of  frequent 
and  numerous  analyses,  one  compound  occasionally  occurring  in  it  has 
thus  far  been  entirely  overlooked.  It  is  the  nitrous  acid  present  in  the 
form  of  nitrites.  While  nitrates  frequently  occur  in  various  living 
l)lants  and  also  in  fresh  tobacco  leaves,  nitrites  do  not.  Indeed,  these 
salts  would  act  very  poisonously  on  the  living  cells  if  they  accumu- 
lated to  even  a  small  degree.  The  writer  has  observed  that  the  poison- 
ous character  of  free  nitrous  acid  is  so  great  that  it  kills  alga^i  after  one 
day,  even  at  a  dilution  of  1  part  to  100,000  parts,  although  its  acid 
character  is  so  weak  that  it  is  easily  liberated  from  the  nitrites  by 
dilute  organic  acids,  such,  for  example,  as  are  contained  in  the  cell  sap 
of  most  plants;  hence  the  salts  of  nitrous  acid  are  also  very  strong 
poisons  wherever  an  acid-cell  sap  in  the  x)lants  can  liberate  nitrous  acid 
from  them. 

When  tobacco  leaves  rich  in  nitrates,  however,  are  subjected  to  the 
sweating  process  after  being  cured  a  portion  of  the  nitrates  is  reduced, 
whereby,  as  an  intermediate  step,  nitrites  are  formed,  ammonia  repre- 
senting\he  final  product.  Some  sweated  tobaccos  are  so  rich  in  nitritie 
that  a  concentrated  extract,  even  when  prepared  in  the  cold,  gives  a 
decided  odor  of  nitrous  acid  upon  the  addition  of  sulphuric  acid,  and 
even  the  smallest  quantity  of  the  extract  produces  at  once  separaticm  of 
iodine  from  potassium  iodide  on  addition  of  a  little  sulphuric  acid. 
When  upon  dilution  the  brown  coloration  of  the  tobacco  extract  is 
sufficiently  diminished,  the  well-known  test  of  Gries  for  nitrites  is  also 
easily  obtained.  The  tobacco  extract  containing  nitrites  gives  a  blue 
reaction  with  tincture  of  guaiac,  but  this  reaction  of  nitrous  acid  is  also 
obtained  after  boiling  the  extract  for  a  minute,  while  the  similar  blue 
reaction  caused  by  oxidase  is  made  impossible  after  heating  the  extract 
a  short  time  to  67^  G.  (163o  F.),  or,  if  the  extract  is  weakly  alkaline. 


1  Report  No.  62  (p.  17),  U.  S.  Department  of  Agriculture.    Marcus  L.  Floyd. 
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to  750  0.  (167^  F.).    By  this  control  test  erroneous  conclnsions  can 
be  avoided. 

An  accomulation  of  nitrites  in  the  sweating  tobacco  might  in  the 
coarse  of  some  weeks  attack  the  oxidizing  enzyms  at  the  temperatare  of 
the  fermenting  heaps,  thns  terminating  this  process  sooner  than  desir- 
able. Hence  nitrates  should  not  be  applied  in  too  large  quantities  in 
the  manuring  of  tobacco  fields,  since  they  may  give  rise  to  the  forma- 
tion of  nitrites  in  the  sweating  process.  Bacterial  action  need  not  be 
assumed  in  this  process. 

AMOUNT  OP  KBAT  PBODUOSD  BY  SWEATING  IN  BULK. 

Since  the  loss  of  organic  substance  from  the  cured  leaves  in  the  sweat- 
ing in  bulk  amounts  to  about  5  per  cent  dry  matter,  and  the  cured 
leaves  consist  of  nearly  40  per  cent  of  carbon  and  6  per  cent  of  hydro- 
gen, an  approximate  calculation  can  be  made  as  to  the  amount  of  heat 
generated  by  the  oxidization  going  on  in  the  heap.  For  an  accurate 
calculation  it  would  be  necessary  to  know  the  exact  amount  of  carbonic 
acid  and  water  formed  by  the  oxidation,  and  further,  how  much  of  the 
carbonic  acid  was  generated  from  previously  present  carboxyl  groups, 
and  how  much  water  was  generated  from  previously  present  hydroxyl 
groups;  moreover,  it  shoald  be  known  how  much  total  ammonia  is 
produced  in  the  sweat.  But,  on  the  assumption  that  only  one-half  of  the 
carbonic  acid  and  one-half  of  the  water  produced  are  due  to  perfect 
combustion,  and  that  thecarbon  and  the  hydrogen  in  these  products  show 
the  same  proportion  as  in  the  cured  tobacco,  we  will  obtain  numbers 
which  are  certainly  rather  an  underestimation  than  otherwise.  The 
fermenting  piles  are  made  up  of  from  2,000  to  7,000  kilograms  of 
tobacco.  Let  us  assume  a  pile  with  2,000  kilograms  of  dry  matter. 
The  5  per  cent  loss  after  the  sweat  would  then  amount  to  100  kilo- 
grams. According  to  our  assumption  this  would  involve  a  complete 
combustion  of  20  kilograms  of  carbon  and  3  kilograms  of  hydrogen. 
Since  one  gram  of  carbon  produces  7,678  units  of  heat  and  one  gram  of 
hydrogen  33,808  units  of  heat,  it  follows  that  20  kilograms  of  carbon 
would  yield  153,560  major  calories  and  3  kilograms  of  hydrogen  101,400 
major  calories.  This  heat  would  suffice  to  heat  up  254,960  liters  of 
water  for  1°  0. 

CONCLUSION. 

Various  problems  relating  to  the  manufacture  of  tobacco  have  been 
touched  upon  in  this  report,  some  of  them  within  easy  reach  of 
solution,  others  of  a  very  difficult  nature.  The  prevention  of  fungous 
attacks  in  the  barn  or  in  the  cases,  the  regulation  of  the  temperature 
and  humidity  in  the  curing  process,  and  the  proper  control  of  the 
sweat  are  points  that  can  easily  be  settled.  In  many  cases  the  re- 
placement of  the  stalk-curing  by  the  single- leaf  curing  process  may 
prove  a  financial  success.    But  there  are  other  problems  of  a  more 
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delicate  and  difficult  uature,  as  the  prevention  of  the  mosaic  or  calico 
disease  and  the  proper  composition  of  the  tobacco  leaf  ^yhile  ripening. 
Upon  this  composition  depends  the  development  of  a  desirable  aroma 
in  the  sweating  process.  Climate  ajuT'weatlier  are  here  such  potent 
factors  that  human  art  can  accomplish  directly  but.  little.  Too  cool 
and  rainy  weather 'may  favor,  for  example,  the  production  of  fatty 
matter,  which  certainly  exerts  an  unfavorable  effect  upon  the  aroma 
in  smoking.  There  may  be  produced,  however,  still  other  products 
which  are  unfavorable  to  the  aroma.  Too  dry  weather  may  also  inter- 
fere with  the  proper  composition  of  the  ripening  tobacco  leaves.  By 
crossing  and  selection,  however,  varieties  of  tobacco  may  possibly  be 
produced  that  even  under  unfavorable  climatic  conditions  will  not  form 
much  of  the  compounds  which  injure  the  aroma.  In  regard  to  the 
selection  of  the  seed,  it  may  be  mentioned  that  even  now  some  farmers 
go  so  far  as  to  import  their  seed  directly  from  Cuba  each  year. 
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LETTER  OF  TRANSMITTAL. 


Department  of  Agriculture, 

Office  of  Assistant  Secretary, 
Washington^  D.  6'.,  July  5,  1900. 
Sir:  I  have  the  honor  to  transmit  for  your  approval,  as  aj'eport  for 
publication,  a  manuscript  prepared  by  Mr.  J.  R.  Dodge,  formerly 
statistician  of  this  Department,  upon  the  sheep  and  wool  industry  in 
the  United  States.  The  purpose  of  this  report,  as  I  instructed  the 
author,  was  to  review  the  history  and  development  of  the  sheep  indus- 
try in  this  country  and  to  trace  the  history  of  our  domestic  wool  in 
particular,  the  variation  in  prices,  and  the  nature  and  extent  of  foreign 
competition.  It  has  not  been  possible  of  course  in  such  a  report  to 
eliminate  reference  to  tariff  legislation  and  its  general  effects  on  this 
industry,  nor  to  avoid  pointing  out  in  some  degree  the  i-espective 
interests  of  wool  growers  and  manufacturers.  In  doing  so,  however, 
every  effort  has  been  made  to  confine  the  discussion  to  the  mere  facts 
with  as  little  of  argument  and  theory  as  possible. 

The  author  has  done  his  work  well,  and  I  cordially  recommend  its 
publication  as  Report  No.  Q^  of  this  Department. 
Very  I'espectfuUy, 

J.  H.  Brigham, 

Assistant  Secreta/ry. 
Hon.  James  Wilson, 

Secretary, 


LETTER  OF  SUBMITTAL 


Washington,  D.  C-,  July  3, 1900. 

Sir:  In  fulfilling  your  commission  to  investigate  the  present  condi- 
tion of  American  sheep  husbandry,  with  a  concise  and  comprehensive 
I'eview  of  past  progress  and  its  degree  of  success  in  meeting  the 
demand  for  manufacture,  I  respectfully  submit  the  following  I'eport. 
It  touches  lightly  on  the  early  history  of  the  industry  in  the  colonial 
period,  briefly  refers  to  the  eventful  era  of  Spanish  Merino  importa- 
tion, and  considers  the  tendencies  of  breeding  to  meet  the  wants  of 
manufacture,  the  economies  of  woolgrowing,  and  the  great  change  in 
enlargement  of  production  and  improvement  of  quality  of  mutton.  It 
shows  progressively  the  measure  and  quality  of  the  domestic  wool 
supply.  It  traces  the  periods  of  decline  and  revival,  analyzes  recent 
tariff  changes,  compares  I'ates  of  duty,  indicates  partially  the  effects 
of  the  free  wool  ei'a,  and  closes  with  a  showing  of  present  conditions. 
Very  respectfully, 

J.  R.  Dodge, 
Special  Agent. 

Hon.  J.  H.  Brigham, 

Assiata/nt  Secretary. 
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SHEEP  AND  WOOL!  A  BEVIEW  OF  THE  PfiOGSESS  OF 

AMEBIOAN  SHEEP  HUSBANDET. 


BRIEF  HISTORY  OF   WOOLGROWING  IN   COLONIAL  TIMES. 

The  first  settlera  in  the  American  colonies  in  Virginia,  in  Massachu- 
setts,  and  in  New  York  either  brought  sheep  with  them  or  with 
earliest  importation  of  supplies  from  the  native  land.  With  furniture 
and  household  equipment  came  the  loom  and  the  spinning  wheel.  The 
matrons  of  the  household  were  weavers  and  the  daughters  spinsters. 
The  clothing  of  the  country  people  was  largelj'^  of  domestic  manufac- 
ture from  wool  grown  on  the  farm. 

The  sheep  were  mainly  from  the  countries  of  the  settlers — England 
and  Holland.  They  were  of  coarse-wool  breeds,  but  not  the  highly 
improved  breeds  of  the  long  and  middle  wools  of  to-day.  They  were 
of  less  weight,  longer  of  limb,  less  compact  and  symmetrical  of  body, 
and  of  lighter  fleece.  Those  from  England  were  the  unimproved 
progenitors  of  the  mutton  breeds,  which  have  been  moulded  by  slow 
degrees  of  patient  breeding  into  the  present  forms. 

It  is  said  that  the  first  sheep  brought  into  the  colonies  landed  at 
Jamestown,  Va.,  in  1609.  Settlement  was  slow  and  increase  of  sheep 
moderate,  but  in  1649  the  number  in  Virginia  was  reported  at  3,000. 
There  were  early  importations  into  Massachusetts,  and  by  1640  the 
number  was  estimated  at  3,000.  The  Dutch  brought  over  sheep  to 
New  Netherlands  in  1625  and  again  in  1630.  A  Swedish  colony  in 
1663  brought  80  into  Delaware.  All  of  the  colonies  introduced  flocks 
and  encouraged  domestic  manufacture  of  wool. 

Colonial  legislatures  encouraged  woolgrowing  and  manufactui'e. 
In  1645  Massachusetts  enacted  a  law  for  the  encouragement  of  the 
raising  of  sheep;  and  in  1656  one  was  passed  requiring  each  family 
to  spin  three  pounds  of  wool,  cotton,  or  flax  per  week  for  thirty  weeks 
of  the  year.  In  the  same  year  a  skilled  weaver,  induced  by  a  grant 
of  30  acres  of  land,  settled  in  Lowell,  Mass.,  which  has  since  become 
a  great  center  of  textile  industry.  Virginia,  a  little  later  (1662),  pro- 
hibited the  exporting  of  wool  and  offered  a  bounty  of  five  pounds  of 
tobacco  (Virginia  currency)  for  every  yard  of  cloth  made  in  the  colony. 
Two  yeara  later  the  general  assembly  provided  for  the  establishment 
of  looms  and  weavers  in  each  countv.     The  other  colonies  enacted 

laws  for  the  encouragement  of  woolgrowing  and  manufacture. 
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Efforts  wei'e  early  made  to  encourage  weavers  and  artisans  to  come 
from  foreign  countries  and  establish  a  germ  of  the  later  factory  sys- 
tem by  building  and  operating  fulling  mills,  thus  supplementing  the 
results  of  domestic  manufacture.  They  so  increased  in  the  following 
century  that  the  carding,  weaving,  and  spinning  of  wool  and  the  dress- 
ing of  cloth  became  general  in  all  the  colonies  before  the  war  of  the 
Revolution. 

As  the  friction  between  the  mother  country  and  the  colonies  became 
intense,  and  the  colonies  were  ripening  for  the  revolution,  a  patriotic 
impulse  for  the  wearing  of  homespun  and  the  discarding  of  English 
goods  became  general.  It  is  said  that  the  Harvard  graduating  class 
in  1770  appeared  in  black  cloth  of  New  England  manufacture.  Simi- 
lar patriotic  impulses  actuated  colonial  officials  and  professional  and 
business  men,  and  women  vied  with  the  men  in  their  patriotic  devo- 
tion to  homespun. 

Societies  for  the  promotion  of  agriculture  sought  to  encourage  and 
promote  woolgrowing  by  essays  and  premiums.  In  1785  a  medal  was 
offered  by  a  South  Carolina  society  for  the  first  flock  of  Merino  sheep 
kept  in  the  State,  but  it  was  eight  years  before  the  first  individual  of 
that  breed  was  imported  into  any  of  the  States. 

Washington  was  an  importer  of  the  improved  English  sheep. 
Prominent  Virginians  took  a  positive  interest  in  the  extension  and 
improvement  of  sheep  husbandry'.  There  were  few  that  were  indiffer- 
ent to  a  subject  so  important.  Only  one,  as  recorded  in  the  history  of 
the  time,  the  eccentric  John  Randolph  of  Roanoke,  was  so  averse  to 
it  that  he  expressed  a  willingness  at  any  time  to  go  out  of  his  way  a 
mile  "to  kick  a  sheep." 

In  the  other  colonies  the  public  men  were  ever  the  friends  of  wool- 
growing.  It  was  a  subject  of  vital  interest  to  all,  as  clothing,  next  to 
food,  is  the  greatest  physical  want  of  humanity.  Cotton  was  scarce 
and  high,  and  wool  for  the  winter,  as  flax  for  the  summer,  was  an 
ever-admitted  necessity  of  existence.  Public  men*  almost  without 
exception,  were  favorable  to  the  encouragement  by  legislation,  by 
premium  and  bounty,  of  the  manufacture  of  wool.  Societies  and  a 
genei'al  consensus  of  public  opinion  promoted  and  facilitated  personal 
effort  for  the  extension  of  woolgrowing  and  wool  manufacture.  This 
was  the  situation  at  the  time  of  the  establishment  of  the  National  Gov- 
ernment. There  is  no  record  of  numbers  of  sheep,  but  in  proportion 
to  population  they  may  have  been  nearly  as  numerous  as  at  present, 
though  not  yielding  as  heavy  fleeces.  Twenty  years  afterwards,  under 
the  influence  of  the  Merino  excitement  and  a  foi'ecast  of  war,  there 
were,  according  to  the  best  estimates,  more  sheep  than  people,  a  num- 
ber larger  in  proportion  to  population  than  at  any  time  since;  a 
number  in  1810  as  great  as  would  be  100,000,000  for  the  present  popu- 
lation; a  number  equal  to  the  flocks  of  Australasia  or  those  of  the  Plata 
River  countries  of  South  America  at  the  present  time. 
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INTRODUCTION  AND   IMPROVEMENT  OF  THE   MERINO. 

The  Spanish  Merino  is  the  foundation  of  the  present  fine-wool  flocks 
of  all  countries.  This  type  of  sheep  antedates  the  Christian  era. 
Sheep  were  held  in  Spain  by  the  king,  the  nobles,  the  clergy,  and  oth- 
ers, and  their  exportation  was  prohibited.  Until  the  nineteenth  cen- 
tury none  could  be  obtained  except  by  royal  favor  or  by  smuggling, 
which  was  very  difficult.  In  1766  three  hundred  were  introduced  into 
Saxony  by  royal  courtesy  and  were  the  origin  of  the  Saxon  improve- 
ment. They  were  said  to  be  mostly  of  the  Escurial  family,  assumed 
to  bear  the  finest  wool.  Other  families  were  the  Infantados,  Paulars, 
Negrettis,  Montarcos,  Ouadaloupes,  and  Aguirres.  The  Infantado 
was  a  popular  breed  (progenitor  of  most  American  flocks),  with  soft, 
silky,  and  gummy  wool;  the  Paulars  were  perhaps  the  handsomest; 
the  Aguirres  were  better  covered  in  face  and  legs  and  the  wool  was 
more  crimped  than  that  of  the  Paulars;  the  Negrettis  were  tall  and 
homely  with  wool  still  more  crimped;  and  the  Guadaloupes  were  tall 
and  rather  ungainly  with  thick  crimped  wool. 

The  French  Merino  had  its  origin  in  the  breeding  of  the  royal  sheep 
folds  at  Bambouillet,  beginning  with  300  imported  from  Spain  by 
royal  favor  in  1786.  A  record  of  the  average  weights  of  their  fleeces 
in  the  last  years  of  the  eighteenth  century  was  from  7  to  9  pounds. 
This  was  only  the  beginning  of  the  improvement  that  produced  the 
large  forms  and  fleeces  of  later  days. 

There  is  a  record  of  three  Merinos,  imported  in  1793  by  Mr.  Wil- 
liam Foster,  of  Boston,  who  gave  them  to  a  friend  who  killed  them  for 
mutton.  In  the  first  year  of  this  century  a  French  banker,  De  Lessert, 
sent  four  ram  lambs  to  this  country,  only  one  surviving,  which 
founded  some  good  grade  flocks  for  his  owner,  Mr.  E.  I.  Dupont,  near 
Wilmington,  Del.  In  the  same  year  Seth  Adams  of  Zanesville, 
Ohio,  impoi-ted  a  pair  of  Spanish  sheep.  In  1802  the  American  minister 
to  France,  Mr.  Livingston,  sent  home  two  pairs  of  French  Merinos 
from  the  royal  flock  at  Chalons  and  afterwards  one  from  Rambouillet. 
About  1810  he  sold  full-blooded  ram  lambs  at  $1,000  each  and  grades 
at  very  high  prices.  He  sold  the  wool  of  full  bloods  at  $2  per 
pound,  of  three-fourths  bloods  at  $1.25,  and  of  half  bloods  at  75  cents. 

Later  in  the  same  year  Colonel  Humphreys, -the  American  minister 
to  Spain,  brought  home  21  rams  and  70  ewes,  believed  to  be  of  the 
Infantado  family,  very  carefully  selected,  and  from  this  impoi*tation 
may  be  traced  some  of  the  finest  flocks  of  the  present  day.  The  Atwood 
strain,  now  in  high  repute,  originated  in  a  flock  founded  by  Stephen 
Atwood,  of  Woodbury,  Conn.,  with  stock  from  the  Humphreys  impor- 
tation, which  have  been  bred  in  great  purity  to  the  present  da5\  His 
first  purchase  was  a  ewe  bought  for  $120. 

There  were  small  importations  in  1803  and  1807.  In  1809  and  1810 
Mr.  William  Jarvis,  the  American  consul  at  Lisbon,  Portugal,  bought 
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of  the  Spanish  Junta,  from  confiscated  flocks  of  Spanish  noblemen, 
and  sent  to  various  parts  of  this  country  8,850  Merinos.  Fully  a  third 
of  these  ^ere  Aguirres;  the  remainder  Escurials,  Montarcos,  Paulars, 
and  Negrettis.  He  not  only  mixed  his  large  flock,  but  afterwards 
crossed  with  the  Saxon  Merino.  Before  the  cross  the  average  weight 
of  his  pure-bred  fleeces  was  4  pounds.  Randall  says  that  3,500  to  5,000 
Spanish  Merinos  wei-e  imported  by  other  persons  in  1809,  1810,  and 
1811. 

There  was  little  excitement  about  the  earlier  importations  up  to 
1807.  Then  the  difficulties  with  England  and  France  called  attention 
to  the  necessity  of  providing  a  domestic  supply  of  wool,  the  embargo 
intensified  popular  interest  in  the  matter,  and  the  war  of  1812  shut  off 
foreign  supplies.  It  is  not  strange  that  prices  rose  to  the  extreme  of 
(2.50  per  pound  for  wool  and  $1,000  or  more  for  a  pure-bred  sheep. 
After  peace  was  declared,  however,  and  a  flood  of  foreign  goods  was 
admitted,  they  became  a  drug  in  the  market  at  a  dollar  a  head. 

The  Saxon  Merinos  were  imported  in  large  numbers  between  1824 
and  1848.  During  that  period  this  very  fine-wool  breed  had  the  pref- 
erence, and  the  owners  of  Spanish  sheep  hastened  to  obtain  a  Saxon 
cross,  which  reduced  the  weight  of  fleece  and  weakened  the  constitu- 
tion of  the  sheep.  The  Saxons  produced  the  finest  of  wool,  but  they 
lacked  constitutional  vigor.  Fine  flocks  have  been  kept  here  from 
that  day  to  this,  though  few  for  years  past  and  very  few  at  present. 
In  that  Saxon  boom  their  good  name  was  injured  by  frauds  in  selling 
grades  for  pure  bloods.  Their  failure  to  sustain  their  popularity  was 
due  mainly  to  the  fact  that  the  price  of  Saxon  wool  was  not  sufficiently 
high  to  offset  the  light  weight  of  fleece. 

The  great  Jarvis  flock,  in  which  five  families  were  mixed,  was  bred, 
unwisely,  to  accommodate  the  manufac^turcrs,  sires  of  a  lighter  color, 
the  Escurial  chiefly,  l)eing  used  instead  of  the  darker-colored  or  yolkier 
families.  His  sheep  were  more  compact  than  the  average  Spanish,  but 
much  like  them  otherwise.  Some  of  his  ewes  yeilded  4  or  4i  pounds 
of  washed  wool.  This  flock  finally  lost  its  identity  in  other  breeding 
flocks. 

The  Atwood  flock  was  the  first  example  of  patient,  skillful,  and  long- 
continued  breeding  (from  1813  to  1830).  It  was  built  up  with  careful 
selections  from  the  Humphreys  importation,  and  afterwards  maintained 
and  improved  by  selection  of  individuals  within  the  flock.  In  1840 
the  form  was  Spanish  slightly  modified,  wool  short,  fine,  well  crimped, 
shorter  on  the  belly,  not  yet  fully  covering  legs  and  head.  *  Some  of 
the  rams  had  pendulous  dewlaps  and  neck  folds  or  wrinkles.  As  the 
Spanish  Merino  came  into  especial  favor,  this  flock  became  popular, 
and  colonies  were  scattered  through  the  country,  especially  in  New 
York,  some  deteriorating,  others  continuing  to  improve.     This  was  a 
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notable  beginning,  worthy  of  all  pi'aise,  but  not  yet  was  the  American 
Merino  thoroughly  established  as  a  new  breed  of  the  Merino  type. 

Though  many  breeders  worked  together  in  the  improvement  which 
has  developed  the  most  notable  and  valuable  breed  of  the  world,  Mr. 
Edwin  Hammond,  of  Middlebury,  Vt.,  is  fairly  entitled  to  be  consid- 
ered the  founder  of  fho  American  Merino  breed.  He  made  three 
purchases  between  1844  and  1846,  of  average  selections  from  the  dif- 
ferent qualities  of  the  Atwood  flock,  first  breeding  in  three  lines  of 
subfamilies,  the  dark,  the  light,  and  intermediate,  afterwards  produc- 
ing his  best  sheep  by  crossing  these  lines  with  a  skill  and  judgment 
which  entitle  him  to  i-ank  with  Bake  well  in  the  long- wool  improve- 
ment in  England.  He  changed  the  thin,  light-boned,  imperfectly 
covered  sheep  into  models  of  fine-wool  beauty,  large,  round,  low,  and 
strong-boned.  The  ewes  weighed,  as  reported  in  1863,  from  110  to 
140  pounds,  the  heaviest  fleece  weighing  17i  pounds.  The  ram 
'*  Sweepstakes,"  1856,  sometimes  referred  to  as  the  origin  of  the 
Ajnerican  Merino,  as  a  breed  distinct  from  the  old  Spanish,  had  a 
weight  record  of  140  pounds  and  a  fleece  of  27  pounds. 

The  extent  of  the  improvement  is  indicated  by  measurements 
made  by  Mr.  Randall  in  1861  of  individuals  of  Hammond's  flock  in 
comparison  with  careful  measurements  in  Austria  of  Spanish  sheep  at 
the  beginning  of  the  century:  American  ram,  122  pounds;  Austrian 
Infantado,  104  pounds;  American  ewes,  100  to  114  pounds;  Austrian 
Infantado,  73  pounds.  The  Negretti  weights  were  still  lower — ram 
100,  ewe  70  pounds.  American  measurements  of  length  were  3  feet  11 
inches  to  4  feet;  Austrian  Infantado,  5  feet  4i  inches  to  5  feet  8  inches. 
American  girth  measurements  were  4  feet  f  inch  to  4  feet  4i  inches; 
Infantado,  4  feet  IH  inches  to  5  feet.  Notice  the  decrease  in  length 
and  girth  with  increase  of  weight.  The  neck  and  legs  were  shortened 
and  the  width  of  hips  was  increased.  The  increase  in  weight  of  fleece 
was  extraordinary. 

From  this  initial  point  the  subsequent  development  and  diflTerentia- 
tion  of  this  great  breed  are  sketched  very  concisely  in  the  following 
chapter. 

BU£EDIN(i    TENDENCIES   IN   WOOLG ROWING   AND   THEIR   EFFECTS. 

Nothing  is  more  noticeable  in  the  history  of  our  sheep  breeding 
than  the  ever-existing  tendencies  to  change.  The  flocks  of  one  period 
perceptibly  diflfer  from  those  of  ten  years  later.  It  is  impossible  that 
it  should  be  otherwise,  for  change  is  inevitable,  and  in  a  country  of 
such  resources,  enterprise,  and  ambition  as  our  own  this  tendency  to 
change  is  quickened.  To  meet  the  requirements  of  manufacturers  for 
various  kinds  and  qualities  of  wool,  foreign  breeds  were  auoxiessively 
introduced,  and  they  found  here  a  new  environment,  new  conditions 
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of  climate  and  feeding,  which  in  themselveH  would  induce  changes 
appi'eciable  in  a  few  years.  The  desire  of  manufacturern  for  specific 
qualities  of  wool,  stimulated  by  the  caprice  of  fashion  in  fabrics, 
also  promotes  a  tendency  in  breeding  to  meet  such  requirements.  A 
further  inducement  is  the  ambition  of  enterprising  breeders  to  make 
improvements  and  thus  win  reputations.  While  change  is  not  neces- 
sarily improvement,  the  result  of  breeders'  efforts  is,  on  the  whole, 
amid  partial  failures  and  successes,  favorable  to  improvement.  By 
going  back  to  the  first  half  of  the  century  and  making  comparisons 
we  find  that  great  progress  has  been  made — ^a  doubling  of  the  weight 
of  fieece,  a  gi'cater  variety  of  wool,  and  much  better  adaptation  to  the 
requirements  of  manufacturers  and  consumers  of  woolen  goods. 

When  the  Merino  began  to  assert  its  sway,  to  increa^$e  rapidly  the 
weight  of  fleece,  and  to  prove  to  the  satisfaction  of  the  grower  that 
there  was  money  in  wool,  the  temptation  was  strong  to  breed  to  grease 
in  oi*der  to  give  great  weight  to  the  fleece,  15  to  20  and  even  30  pounds 
or  moi*e.  As  it  was  believed  that  wrinkles,  loose  folds  of  skin  appar- 
ently intended  for  a  larger  sheep,  would  carry  more  wool  on  the  larger 
surface,  this  breeding  to  wrinkles  became  a  fad.  The  manufacturer 
in  scouring  such  wool  found  its  weight  a  delusion,  two-thirds  or  more 
of  its  substance  disappearing  in  the  cleansing.  He  was  obliged  to  dis- 
criminate in  the  price,  and  eventually  the  grower  found  excessive 
grease  and  great  weights  of  fleece  unprofitable  and  undesirable;  hence 
wrinkles  began  to  disappear,  and  sires  with  smoother  though  lighter 
fleeces  became  progenitors  of  the  flock. 

The  dawning  of  the  worsted  era  was  observed  early  in  the  sixties. 
There  was  a  great  scarcity  of  English  combing  wool.  England  cx>uld 
not  fill  the  demand,  nor  Canada,  and  elsewhere  the  supply  was  small. 
Our  manufacturers  urged  the  importation  of  mutton  breeds.  These 
sheep  were  brought  in  from  Canada  and  from  England  and  scattered 
through  the  country  east  of  the  Mississippi,  giving  positive  direction 
to  the  tendency  to  increase  of  the  distinctive  combing  wools  of  those 
days. 

This  did  not  suffice.  There  was  still  a  great  scarcity,  and  the  quality 
was  coarse.  A  new  era  was  opening  in  the  worsted  industry.  At  the 
French  exposition  of  1867  conspicuous  among  the  wools  displayed 
were  some  of  the  Merino  race,  distinguished  for  softness  and  length  of 
fiber,  from  France  and  from  Australia,  derived  from  French  stock. 
The  French  Merino,  the  first  of  its  race  to  become  essentially  a  mutton 
sheep  and  a  producer  of  combing  wool  of  much  finer  quality  than  the 
English  combing  wool,  made  possible  the  fabrication  of  beautiful 
goods  for  women's  wear,  which  gave  France  a  lead  in  the  manufacture 
of  such  goods  which  she  has  since  retained.  England  could  not  obtain 
this  wool,  and  did  not  attempt  the  manufacture  of  this  class  of  goods 
until  it  was  found  that  similar  qualities  could  be  obtained  from  Aus- 
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ti'alia.     The   French    had   already   luade   much    progress,   of    which 
Beiioville  wrote  concerning  the  combing  wools  of  Fi-ance: 

It  is  to  the  admirable  revolution  in  the  raiHing  of  ovine  animalH  tliat  we  owe  the 
beautiful  industry  of  spinning  the  merino  combing  wools.  It  is  to  this  that  we  owe 
the  splendor  of  the  industries  of  weaving  combing  wool  at  Paris,  at  Kheims,  at 
Amiens,  and  at  St.  Quentin. 

Gi'eat  Britain  had  a  successful  combing  industiy  of  her  own.  She 
had  no  Merino  sheep.  Combing  wool  was  advancing  in  price;  in  1855 
it  sold  in  London  for  Is.  Hd.\  in  1864  for  2s.  4d.  Our  own  worsted 
manufacture  had  been  initiated  and  was  successful,  but  it  consumed 
only  6,000,000  pounds  of  wool.  The  wools  were  grown  in  Kentucky, 
in  Ohio  to  a  small  extent,  and  elsewhere.  No  wonder  that  the  dis- 
semination of  mutton  sheep  was  urged  for  the  increase  of  our  resources 
for  manufacture  and  for  the  meat  supply  of  cities.  There  was  an 
existing  tendency  to  inci*ease  the  distribution  of  English  sheep  and  the 
production  of  combing  wool  by  our  breeding  with  Merino  grades. 

In  1868  Mr.  E.  R.  Mudge,  United  States  wool  commissioner,  advised 
the  " ingrafting  of  the  French  race  on  the  American  Merino"  as  a 
means  of  supplying  a  manufacture  which  was  one  of  the  most  impor- 
tant in  Finance  and  one  that  was  a  source  of  much  of  the  exportation 
to  this  country.  Specimens  of  these  Rambouillet  Merinos  were 
introduced  from  time  to  time.  They  did  not  at  first  strike  the  fancy 
of  breeders  of  American  Merinos,  and  they  did  not  at  once  gain 
favor,  but  afterwards  they  won  their  way  and  now  have  a  register  and 
are  widely  scattered  throughout  the  country. 

It  is  not  strange  that  the  promoters  of  the  great  American  Merino 
improvement  should  stand  aloof  from  a  movement  that,  as  they 
thought,  would  degrade  the  finest  wool  sheep  in  the  world  to  a  mut- 
ton sheep.  Yet,  feeling  the  necessity  for  combing  wool,  and  finding 
considerable  difference  in  length  of  fiber  in  pure-bred  Merinos,  a  few 
farseeing  breeders  began  to  work  for  longer  fiber  and  a  larger  car- 
cass, in  the  direction  of  mutton  and  combing  wool  from  the  distinct- 
ively wool-producing  Merino.  And  this  was  the  staging  point  from 
which  has  been  produced,  on  lines  apparently  parallel  but  with  dis- 
tinct and  certain  divergencies,  the  subbreeds,  the  Dickenson  Delaine, 
Standard  Delaine,  Improved  Delaine,  National  Delaine,  Black  Top 
Spanish,  and  Improved  Black  Top  Merino,  all  with  record  books,  all 
pure-bred  Merinos,  very  widely  disseminated  and  now  among  the  most 
popular  breeds  in  the  United  States. 

Thus  has  our  supply  of  combing  wools  been  augmented  in  part 
from  this  modification  of  the  American  Merino,  3'ielding  a  soft  and 
lustrous  fiber,  di  to  5  inches  in  length,  suitable  for  tissues  which  the 
coarse  combing  wools  could  not  produce.  This  progress  has  been  con- 
tinuous and  persistent  during  the  past  thirty  years,  and  in  results  it 
has  been  the  most  beneficial  of  the  breeding  tendencies  which  have 
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marked  the  history  of  woolgrowing.  This  course  of  breeding  has 
given  a  suppl}'^  for  manufacturing  competition  with  France,  in  good^ 
requiring  much  skilled  labor  in  proportion  to  weight  of  material, 
which  no  dissemination  of  English  breeds  could  accomplish,  and  dem- 
onstrates the  wisdom  of  the  patient  breeders  who  have  worked  a  life- 
time to  accomplish  this  result. 

The  other  line  of  development  of  combing  wools,  by  increase  of 
pure  and  crossbred  English  sheep,  has  run  parallel  with  the  delaine 
improvement  of  the  Merino.  It  has  been  steadily  progressive,  con- 
stantly inci*easing  the  supply  of  coarse  combing  wools,  making  the 
worsted  industry  nearly  independent  of  foreign  wools  of  chiss  two  of 
the  customs  schedule.  It  has  also  enlarged  the  supply  of  material  for 
flannels  and  certain  kinds  of  cloths  from  the  Down  breeds. 

In  the  States  east  of  the  Mississippi  the  mutton  breeds  have  gradu- 
ally gained  a  predominance.  The  southern  sheep  are  always  mainly 
of  this  class.  As  population  increased  in  the  Ohio  Valley  meiit  became 
more  important  than  wool,  and  all  the  mutton  breeds  were  dissemi- 
nated, taking  the  place  of  Merinos,  and  though  fewer  in  number  (he 
average  value  of  sheep  in  this  district  has  been  nearly  doubled  in  the 
last  thirty  3^ears  from  advance  in  size  and  quality. 

The  Southdown,  Cotswold,  and  Ijcicester  wei'e  the  first  to  invade 
this  region,  followed  by  the  newer  Down  breeds.  The  prolific  rh^r- 
acter  of  the  Dorset^  later  claimed  attention  from  producers  of  lambs, 
and  twelve  years  ago  they  were  introduced,  and  have  been  distributed 
in  27  States,  9,0<)0  being  i^gistered  in  the  Dorset  Sheep  Breeders' 
Association  of  America.  The  wool  of  the  Dorset  is  valuable,  strong, 
white,  and  nicely  crimped.  Its  scoured  fleece  is  heavy,  the  loss  in 
scouring  being  light.  The  grade  Dorset  is  prolific  and  profitable  in 
lamb  production. 

The  largest  and  one  of  the  oldest  English  breeds  was  introduced 
very  sparingly  until  the  other  mutton  breeds  had  been  widely  distrib- 
uted, but  in  recent  years  it  has  become  so  numerous  that  a  Lincoln 
Association  has  been  formed  to  represent  it  and  preserve  its  purity. 
The  original  Lincoln,  like  the  other  long  wools,  was  improved  by 
Leicester  crossing,  diminished  in  size,  improved  in  fonn,  relieved  of 
coarseness,  and  increased  in  aptitude  for  flesh  taking,  with  finer  wool 
of  the  lustrous  class  especially  adapted  for  use  in  a  valuable  and  desira- 
ble class  of  worsteds.  This  sheep,  so  long  popular  for  wool  as  well  as 
mutton  in  New  Zealand  and  other  Australian  colonies,  and  later  in 
Argentina,  has  for  similar  reasons  been  found  desirable  here,  not  only 
in  the  farm  districts  but  on  the  ranges.  This  breed  is  largely  the  basis 
of  the  frozen-mutton  trade  which,  in  1897,  amounted  to  14^,657,184 
pounds  from  New  Zealand,  and  209,172,339  pounds  from  Australasia 
altogether.     The  Argentina  frozen-mutton  trade  is  also  very  large. 

A  note  from  Mr,  H,  A,  Daniels,  Elva,  Mich.,  secretary  of  the 
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Lincoln  Association,  states  ^Hbat  Michigan  contains  moi-e  Lincolns 
than  any  other  State — from  4,000  to  5,000."  They  are  scattered 
through  New  York,  Ohio,  Virginia,  Missouri,  and  the  Rocky  Moun- 
tain area.  Mr.  Daniels  reports  large  numbers  of  cross-breds  on  the 
range,  "as  the  Lincoln  has  proved  the  best  for  crossing  on  I'ange  ewes 
of  Merino  descent  of  any  bi'eed,  the  same  as  they  have  been  in  Argen- 
tina." He  refers  to  the  large  flock  of  registered  Lincolns  from  Eng- 
land established  last  year  by  Colonel  Massey,  of  Fort  Logan,  Colo. ; 
to  one  of  several  hundred  purchased  in  Michigan  and  Ontario  by 
Forbes  Brothers  of  Boston,  and  other  large  pure-bred  flocks,  as  show- 
ing the  present  popularity  and  rapid  dissemination  of  this  valuable 
breed. 

As  a  result  of  these  continuous  tendencies  toward  combing  wools, 
both  fine  and  coai^se,  Merino  and  English,  worsted  wools  now  largely 
predominate  in  the  domestic  wool  supply.  The  Merino  and  English 
types  of  sheep  are  nearly  divided  as  to  numbers,  the  former  predomi- 
nating in  the  i-ange  country,  the  latter  in  farming  States. 

At  the  present  time  the  tendency  of  breeding  is  toward  increase  of 
Merinos.  The  relative  scarcity  of  wools  of  class  one  has  been  appar- 
ent for  a  year  or  two  throughout  the  world,  and  in  the  inmiediate 
future  there  will  doubtless  be  an  increase  of  this  breed.  This  tendency 
is  manifest  in  this  countiy  in  all  wool-growing  districts,  even  in  the 
Ohio  Valley,  where  mutton  sheep  predominate  and  meat  is  a  prime 
consideration.  A  letter  from  Professor  Plumb,  director  of  the  exi)er- 
imejit  station  connected  with  Perdue  University,  Lafayette,  Ind., 
states  that  the  tendency  of  breeding  there  is  toward  the  Merino,  though 
the  Rambouillet  has  preference  over  the  American  Merino,  not  losing 
sight  of  the  value  of  the  carcass  while  aiming  to  increase  the  quantity 
of  fine  wool. 

The  French  type  will  continue  in  popularity,  and  the  Delaine  breeds 
will  be  disseminated  more  generally  than  at  present;  and,  while  cloth- 
ing wool  may  increase,  it  is  evident  that  the  value  of  the  mutton,  in 
connection  with  wool,  is  not  likely  to  be  lost  sight  of,  even  in  the 
breeding  of  the  Merino.  In  breeding  for  fine  clothing  wools,  plump- 
ness and  symmetry  will  be  preferred,  rather  than  wrinkles  and  grease, 
and  smoothness  of  outline  and  thrift  of  growth  will  be  desirable 
chaiticteristics. 

Our  climate  is  favorable  to  the  highest  ovine  development.  For- 
eign breeds  have  been  easily  acclimated  and  manifestly  improved.  It 
is  certain  that  the  American  sheep  has  no  superior  in  any  woolgrow- 
ing  country,  in  constitutional  vigor  and  strength  of  wool  fiber.  No 
other  wools  make  more  durable  and  intrinsically  valuable  clothing. 
American  wool  consumption  should  be  mainly  of  American  produc- 
tion. Manufacturers  know  that  their  prosperity  depends  upon  a  full 
domestic  wool  supply,  and  will  cooperate  with  the  growers  in  encour- 
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aging  the  proauction  of  wcx>I  to  meet  all  oixiinary  i-equircments  of 
clothing,  both  clotLs  and  worsteds. 

INCREASE   OF   MUTTON    SHEEP. 

In  the  colonial  period  the  sheep  were  all  of  the  coarse-wool  type, 
brought  with  the  settlei-s  from  the  countries  of  their  nativity.  They 
were  the  unimproved  original  stock,  the  progenitors  of  the  present 
improved  English  bi-eeds.  Later  Washington  and  other  fathera  of 
the  Republic  brought  in  individuals  representing  the  early  breeding 
improvement  in  Europe.  No  Merinos  came  in  until  after  the  organi- 
zation of  the  National  Government.  The  Merino  importation  in  the 
present  century  and  the  establishment  of  the  American  Merino  bi^eed 
in  a  half  century  of  breeding  to  build  up  an  American  wool  industry 
so  popularized  that  breed  as  to  give  it  a  largely  predominating  influ- 
ence forty  years  ago.  Thirty  years  ago  more  than  four-fifths  of  all 
the  sheep  in  the  country  were  either  pure-bred  or  grade  Merinos. 
There  were  a  few  Downs  and  specimen  flocks  of  various  long-wool 
breeds,  small  in  number,  in  the  Middle  States  and  in  the  Ohio  Valley 
and  scattered  sheep  of  the  old  coarse-wools  in  the  South.  Kentucky 
had  the  largest  number  of  the  long- wools.  There  waa  some  importa- 
tion from  England  and  more  from  Canada.  In  Texas  and  New  Mex- 
ico there  were  some  Mexican  sheep  of  Spanish  origin,  degenerated 
and  almost  revei-ted  to  a  wild  state.  Their  fleeces,  coarse  and  hairy, 
weighed  only  a  pound  or  two.  Possibly  all  these  together  were  not 
more  than  15  per  cent  of  the  whole.  There  is  no  exact  census  of-  the 
coarse-wooled  sheep  of  that  period,  those  having  no  Spanish  Merino 
blood,  yet  the  almost  universal  predominance  of  that  type  and  the 
character  of  the  wool  appearing  in  the  markets  of  those  days  will 
amply  sustain  this  view  as  conservative  and  sufficienth'  accurate. 

For  at  least  thirty  years  there  has  been  a  tendency — strengthening 
as  the  years  roll  on  and  helped  by  the  steady  and  rapid  increase  of 
population  demanding  meat — toward  increase  of  coarse-wool  sheep, 
enlargement  of  mutton  production.  Even  earlier  a  greater  need  of 
worsted  wools  was  felt,  and  the  initiative  was  taken  toward  their 
supply.  This  transformation  of  flocks  would  have  been  more  rapid 
but  for  the  discovery  that  Merino  wools  of  long  fil)er  could  be  combed, 
which  stinmlated  the  adaptation  of  special  machinery  by  manufacturers 
and  the  gi-adual  lengthening  of  Merino  fiber  by  breeding  on  the  part 
of  the  growers.  The  writer  of  this  as  early  as  18B2  urged  that  the 
American  farmers  should  seek  a  profit  in  mutton  and  wool  i*ather 
than  in  wool  alone;  that  the  great  want  of  the  world  was  "  a  strong, 
serviceable,  long-fibered  combing  wool,  and  a  great  deal  of  it."  In 
1866  an  estimate  submitted  to  the  revenue  commission  made  the  value 
of  the  annual  product  of  worsteds,  exclusive  of  delaines,  $10,000,000. 

In  1867  Mr.  Mudge,  commissioner  of  wools  and  woolens  at  the  Paris 
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exhibitioD,  said  to  the  woolgrowers  of  this  country  ^Hhat  there  is  a 
field  more  VBst  than  their  imagination  can  take  in  in  the  expansion  of 
the  worsted  industry/'  Under  such  inducements  the  flocks  of  mutton 
sheep  increased  in  all  parts  of  the  country,  though  Merino  improve- 
ment was  still  the  pi'cdominant  feature  in  sheep  husbandry  in  Vermont, 
New  York,  Pennsylvania,  Ohio,  Michigan,  and  elsewhere,  and  the 
great  flocks  of  the  Territories  became  Merino  grades  of  a  high  order 
of  improvement.  But  the  gi'eat  breeding  flocks  were  improved  largely 
in  the  direction  of  Delaines,  producing  a  fine  combing  wool  of  gradu- 
ally increasing  length  of  fiber. 

During  the  past  ten  years  the  increase  of  mutton  breeds  has  been 
more  rapid  than  ever.  They  predominate,  in  all  the  older  States  east 
of  the  Rocky  Mountains.  In  the  mountain  States  many  have  been 
introduced  in  recent  years,  sires  of  English  breeds  being  procured  to 
produce  cross-bred  mutton  in  place  of  wool  alone.  In  this  way  the 
breeders  hoped  to  turn  their  flocks  into  mutton  sheep  and  obtain  a 
profit  they  could  not  get  from  wool.  It  seemed  feasible,  but  so  many 
were  thrown  upon  the  markets  as  meat  that  prices  fell  and  discourage- 
ment continued.  In  the  central  West  numbers  of  sheep  have  been 
greatly  reduced,  yet  they  are  nearly  all  of  the  mutton  type. 

Mr.  Avery,  of  Mauger  &  Avery,  Boston,  than  whom  no  dealer  in 
wool  has  better  facilities  for  knowing  the  character  of  American 
flocks,  writes  that  at  least  70  per  cent  are  medium  cross-bred  wools, 
and  possibly  80,  and  the  remainder  Merino  or  its  grades.  He  esti- 
mates the  wool  of  the  ranges  as  30  per  cent  medium  crossbred  and  70 
per  cent  Merino.  Other  dealers,  in  Boston  and  Philadelphia,  furnish 
information  showing  the  great  predominance  of  coarse  wools  east  of 
the  Mississippi. 

Messrs.  Hecht,  Liebmann  &  Co.  of  Boston,  who  deal  very  exten- 
sively in  ''Territory"  wools,  state  that  most  of  their  wool  is  Merino, 
much  of  it  pure  or  nearly  so;  in  rarer  cases  it  is  crossed  once,  some- 
times twice,  with  Lincolns,  Shropshire,  or  other  coarse-fibered  English 
stock.     They  say: 

The  wools  we  receive  from  eastern  Oregon,  California,  Nevada,  western  Idaho, 
southern  Utah,  and  Texas  seem  to  he  as  purely  Merino  as  it  is  possible  to  grow  them, 
without  producing  unmarketable  mutton.  On  the  other  hand,  wools  received  from 
certain  parts  of  Or^on,  southeastern  Idaho,  northern  Utah,  and  western  and  northern 
Wyoming  are  distinctly  crossbred,  and  show,  from  year  to  year,  a  gain  in  English 
blood.  We  do  not  receive  any  wool  that  is  wholly  of  English  blood,  except  an 
occasional  ram  fleece. 

It  appears  probable,  from  information  derived  from  many  sources, 
that  about  half  of  the  sheep  of  the  country  ai'e  now  of  English  breeds 
or  grades  in  which  that  blood  predominates. 

Those  who  have  watched  the  great  Western  markets  have  seen  abun- 
dant evidence  of  higher  appreciation  of  mutton  than  formerly,  in 
active  markets  and  higher  prices.     During  the  present  season  the 
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average  price  of  mutton  in  the  Chicago  market  has  ranged  higher 
than  that  of  beef,  and  at  times  the  quotations  for  prime  native  wethers 
have  been  higher  than  for  extra  prime  steers. 

A  noticeable  feature  of  the  mutton  trade  has  been  the  demand  for 
Colorado  lambs.  It  was  discovered  that  the  Mexican  lambs  improved 
by  crossbreeding,  and  fed  a  few  months  in  winter  with  com  and 
alfalfa  made  meat  of  high  quality,  which  has  become  so  popular  that 
it  is  sought  as  a  delicacy  by  managers  of  hotels  of  the  seaboard  cities 
from  Boston  and  New  York  to  Florida.  These  lambs  sell  in  Chicago 
for  J7.50  to  $7.75  per  100  pounds.  The  business  of  feeding  has  been 
very  profitable,  and  much  money  has  been  made  in  it.  Some  feeders 
have  had  thousands  in  their  yards  at  a  time,  and  some  young  men  with 
small  means  and  a  little  credit  with  local  banks  have  made  handsome 
profits.  Clay,  Robinson  &  Co.  of  Chicago  estimate  the  annual  out- 
put of  these  lambs  fed  in  Colorado  at  360,000,  with  as  many  more 
under  similai'  feeding  at  other  points.  At  $6  per  head,  this  would 
make  a  total  of  $4,200,000  for  this  peculiar  development  of  mutton 
production.  The  preferable  live  weight  of  these  lambs  is  about  80 
pounds,  which  is  not  far  from  the  average. 

The  mutton  breeds  are  very  prolific,  and  the  number  of  lambs  with 
proper  care  is  100  per  cent  of  the  number  of  ewes.  Always  a  large 
proportion  of  the  lamb  crop  of  the  farming  districts  and  not  a  few  in 
ranch  districts  are  every  season  consumed  locally  as  spring  lambs,  or 
appear  in  markets  through  the  year,  being  usually  known  as  lamb  until 
a  year  old. 

An  indication  of  the  I'apid  increase  and  large  voliune  of  marketing 
of  sheep  is  found  in  the  records  of  receipts  of  four  principal  Western 
markets,  at  diflFerent  periods,  as  follows: 

Number  of  viuUon  sheep  received  at  priivdpal  WeMern  markets  at  differefd  jperiods. 


Chica«ro 

Kansas  City. 

Omaha 

St  lioulfl 


1870. 


349,868 


94,477 


1880. 


335,810 
60,611 


205,909 


1890. 


1899. 


2,182,667 
635.869 
166,186 
858,496 


3,682,882 
963,241 

1,086,319 
482,566 


Here  is  an  increase  in  thirty  years  from  less  than  500,000  to  more 
than  6,000,000,  and  over  5,000,000  were  slaughtered  in  these  four 
cities.  Other  cities  in  the  West  slaughter  considerable  numbers,  the 
great  seaboard  cities  kill  large  numbers,  besides  consuming  refriger- 
ated carcasses  from  the  West,  and  every  town  and  village  in  the  coun- 
trv  has  a  market  for  live  sheep  and  lambs.  On  nearly  a  million  farms 
and  ranches  where  sheep  are  grown,  mutton  is  a  prominent  resource 
for  meat  consumption. 

A  similar  change  in  distribution  of  mutton  sheep  has  been  observed 
in  all  wool-growing  countries.     A  strong  inducement  has  been  found 
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in  the  demand  for  mutton  in  Great  Britain,  which  has  given  rise  to 
the  frozen  meat  trade  of  New  Zealand  and  Argentina.  Heavy  impor- 
tations of  English  mutton  sheep  have  been  in  progress  in  those  coun- 
tries for  years,  until  nearly  half  their  flocks  are  crossbred.  Messrs. 
Hehnuth,  Swartze  &  Co. ,  of  London,  in  reporting  the  relative  propor- 
tion of  crossbred  and  merino  wools,  show  an  increase  of  the  former 
from  17.7  per  cent  in  1888  to  44.6  per  cent  in  1898  in  the  colonial  find 
Plata  River  wools,  as  given  in  the  following  statement  in  millions  of 
pounds  of  clean  wool: 


Relalii'e  increase  and  decrease  of  crossbred  and  Merino  xoool. 


CrosBbred. 

Merino. 

Total 

Year. 

Millions 

of 
pounds. 

Per  cent 

Millions 

of 
pounds. 

Percent. 

millions 

of 
pounds. 

1888 

70 

98 

232 

248 

17.7 
19.6 
89.6 
44.6 

S25 
402 
854 
806 

82.3 
80.4 
60.4 
56.4 

896 

1802 

500 

1897 

586 

IMA 

566 

The  result  of  so  radical  a  change  throughout  the  world  has  caused 
the  relative  appreciation  of  merino  wool.  There  is  in  all  markets  a 
comparative  scarcit}'  of  fine  wool,  and  a  demand  for  increase  to  which 
bi*eeders  are  now  responding. 

Under  present  conditions,  however,  the  production  of  mutton  in  this 
country  will  continue  to  be  profitable,  and  should  be,  in  some  of  its 
branches,  one  of  the  important  rural  industries  of  our  oldest  and  most 
populous  States. 

The  present  distribution  of  mutton  sheep  is  more  general  than  ever 
before.  They  have  invaded  the  pastures  so  long  sacred  to  the  devel- 
opment of  the  American  Merino  in  Vermont,  and  the  strongholds  of 
Merino  breeding  in  New  York,  Ohio,  and  Michigan.  They  have 
nearly  driven  out  the  fine-wool  competition  in  Indiana  and  Illinois, 
and  taken  possession  of  sheep  pasturage  on  the  meat-producing 
prairies  of  the  Missouri  Valley.  This  movement  has  long  been  in 
progress.  In  the  recent  period  of  depression,  when  growers  would 
fain  have  ceased  to  think  of  sheep  as  a  wool-bearing  animal,  the  mut- 
ton sheep  hastened  its  migration  to  the  ranges  of  the  Rocky  Moun- 
tains, and  essayed  the  muttonizing  of  Merino  flocks  by  cross-breeding. 
So  active  and  persistent  was  this  effort  to  get  some  profit  from  meat, 
where  wool  failed  to  pay  the  cost  of  shearing  and  growing,  that  in  the 
entire  range  country  30  per  cent  of  flocks  were  of  mutton  breeds, 
according  to  the  estimate  of  Mauger  &  Avery,  wool  dealers  of  Boston, 
who  are  familiar  with  the  stocks  of  the  greatest  wool  markets  in  the 
country.  The  same  authority  thinks  that  in  the  farming  States 
70  and  perhaps  80  per  cent  of  the  wool  is  from  sheep  in  which  the 
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blood  of  the  English  breeds  predominates.  This  would  indicate  a 
nearly  equal  division  of  the  Merino  and  English  luces  in  the  United 
States. 

THE   DOMESTIC   WOOL  SUPPLY. 

The  use  of  wool  is  coincident  with  the  use  of  clothing.  The  first 
white  settlers  of  thiis  country  bi'ought  with  them  the  domestic  loom 
and  spinning  wheel.  For  nioi*e  than  a  century  and  a  half,  household 
manufacture  held  universal  sway.  The  fulling  mill  supplemented  its 
operations  and  suggested  the  factory  to  come.  This  was  the  condition 
when  the  United  States  Government  went  into  opemtion  and  for  some 
time  thereafter. 

The  consumption  of  wool  in  this  country  has  a1wa3^s  been  i*elatively 
large.  Prior  to  the  beginning  of  the  factory  era,  however,  consump- 
tion averaged  not  more  than  3  pounds  per  capita  of  population.  Fifty 
years  ago  the  i'equii*ement  had  risen  to  4  pounds.  As  wealth  increased 
and  styles  of  fabrics  multiplied,  the  uses  of  wool  enlarged,  until,  at 
the  present  time,  with  velvet  tapestries  for  the  home  and  luxuries  in 
worsted  for  its  presiding  genius,  the  requirement  per  head  has  i*isen 
to  about  8  pounds.  No  other  people  use  so  much  wool,  as  also  none 
use  so  much  cotton.  The  wool  of  the  world  will  scaroelv  suffit*e  for 
2  pounds  annually  for  each  of  its  inhabitant'^.  Our  i-ate  of  consump- 
tion has  doubled  in  half  a  century,  but  it  has  not  inci'easod  in  the  last 
ten  years  and  may  not  increase  in  the  future. 

About  two-thirds  of  our  present  mill  consumption  is  supplied  from 
domestic  sheep,  and  a  larger  proportion  very  soon  will  be,  as  n umbel's 
of  sheep  are  rapidly  increasing.  Including  imported  manufactures, 
the  domestic  supply  is  now  fully  half  the  entire  consumption  of  wool 
products  and  promises  soon  to  l>e  two-thirds.  Between  1880  and  1890 
the  proportion  of  domestic  wool  was  larger,  being  nearly  six-tenths  of 
all  needed.  In  value  the  proportion  was  still  larger,  the  imported 
wools  for  manufacture  being  mostly  of  a  much  lower  quality,  largely' 
used  for  blankets  and  carpets.  There  should  Iw  no  difficulty  in  so 
enlarging  the  domestic  supply  as  to  meet  the  requirements  of  consump- 
tion of  nearly  all  the  cloths,  worsteds,  knit  g(X)ds,  and  at  least  the 
better  class  of  caipets.  The  only  pra<;tic4il  limitation  of  a  full  supply 
of  everything  is  from  economic  causes. 

We  have  already  nearly  all  the  improved  breeds  of  the  world,  and  a 
great  variety  of  the  climates  and  grasses  of  the  world.  If  we  do  not 
produce  much  of  the  finest  Saxony  wool  it  is  because  heavier  fleeces 
are  more  profitable.  Wool  of  this  class  has  compared  favorably  with 
the  finest  ever  produced  in  Saxony,  and  floc^ks  of  this  class  are  still  in 
existence,  some  of  the  finest  being  in  Washington  County,  Pa.  Our 
Mexican  sheep  yield  a  typical  carpet  wool,  but  crossed  with  the 
Merino  a  heavier  fleece  of  more  valuable  wool  is  produc^ed,  and  grow- 
ers find  profit  in  the  improvement.     AVhen  we  produce  5(1<),(XH1,000 
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pounds  or  moi'e  of  domestic  wool,  some  of  the  coarsest  fleeces  and  the 
least  valuable  pieces  of  sorted  fleeces  can  supply  the  material  for  the 
better  class  of  carpets,  arid  the  coarsest  of  the  wools  of  lower  civilization 
and  unimpix)ved  agriculture  may  be  received,  under  proper  safeguards, 
to  supplement  the  wants  of  the  carpet  industry. 

For  ?jtrength  and  durability  American  wools  are  unsui*passed,  and 
make  moi*e  dui*able  clothing  than  the  av^ei*age  product  of  any  other 
nation.  In  this  respect  they  are  superior  to  Australian  wools,  which 
suffer  loss  of  strength  from  the  effects  of  a  hot  and  dry  climate.  The 
flocks  of  those  colonies  have  been  reciniited  from  American  Merinos 
largely,  and  of  late  many  are  crossed  with  English  Lincolns  and  other 
breeds  to  meet  the  demands  of  fashion  for  lustrous  wools.  This  in  part, 
but  mainly  the  light  shrinkage,  owing  to  the  smaller  quantity  of  grease 
to  be  eliminated,  makes  the  higher  prices  of  Australian  wool  us  compared 
with  heavy-shrinking  merino  wool.  The  method  of  marketing,  sorting 
by  the  skirting  process,  has  also  added  much  to  prices^  of  these  wools 
for  ten  years  past. 

American  sheep  have  long  been  appreciated  abroad.  As  early  as 
1851,  at  the  London  World's  Exhibition,  four  prize  medals  were  given 
to  American  sheep,  and  at  the  Hamburg  International  Exhibition  of 
1863,  in  competition  with  representatives  of  the  finest  flocks  of  Europe, 
two  first-class  premiums  were  awarded  to  Merinos  from  Vermont. 
Ever  since  then  our  American  Merinos  have  been  drafted  into  the 
service  of  countries  in  wool-growing  development,  notably  in  the 
Australian  colonies  and  in  South  America. 

The  enumeration  of  sheep  was  not  made  by  the  census  until  1840, 
when  the  number  i-eported  was  19,311,000.  For  twenty  years  there 
was  little  increase.  In  1850  the  number  given  was  21,773,000,  and 
only  22,471,275  in  1860.  Prior  to  1840  no  very  accurate  estimates 
are  available.  There  had  been  a  great  boom  in  sheep  in  the  early 
years  of  the  century,  when  Spanish  Merinos  began  to  be  imported. 
Independence  of  foreign  wool  l)ecame  an  intense  and  pervading  feeling 
in  the  years  preceding  the  war  with  England,  and  a  determined  effort 
for  a  fall  domestic  supply  was  made.  An  estimate  for  1810  places  the 
number  of  sheep  at  10,000,000,  and  the  value  of  manufactures — domes- 
tic manufactures,  as  only  a  few  small  factories  were  then  in  existence — 
was  estimated  at  J25,000,000.  If  correct,  it  must  be  that  prices  of 
goods  were  veiy  high.  After  the  war  of  1S12  the  sheep  industry  was 
nearly  wiped  out  as  the  result  of  a  deluge  of  cheap  woolen  goods,  and 
it  was  sevei'al  years  before  the  numbers  of  1810  were  again  attained. 

Between  1860  and  1870  a  very  rapid  advance  was  made,  from  about 
22,000,000  to  possibly  42,000,000,  followed  by  a  decline  in  the  later 
years  of  the  decade  to  31,000,000.  Annual  estimates  were  made  by 
the  Department  of  Agriculture,  not  including  the  mountain  areas  till 
nearly  the  close  of  the  decade,  when  statistical  service  was  organized 
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in  the  great  ranch  districts.  The  figures  were  therefore  not  complete 
in  those  je»ra.  After  this  disturbed  and  fluctuating  record  the  esti- 
mates became  more  reliable  and  the  development  more  uniform.  The 
following  table  presents  this  record,  with  estimatetn  of  wool  produced, 
from  1871  to  the  present  time: 
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In  fourteen  years  from  1871  the  increase  wajs  about  60  per  cent. 
From  1885  to  1889  numbers  declined,  increased  again  until  1893,  then 
fell  off  again  until  1897.  Increase  is  now  regular,  with  the  likelihood 
of  reaching  n  higher  figure  than  has  been  heretofore  attained. 

Increase  in  numbers  of  .sheep  ha.s  not  always  represented  the  increase 
of  the  domestic  wool  supply.  Improvement  by  breeding  and  l>y  l>etter 
care  has  more  than  doubled  the  weight  of  flee<'e.  The  *vnsus  <)f  wool 
is  probably  not  so  accurate  as  that  of  sheep,  but  a  comparison  of  the 
different  enumerations  shows  a  steady  and  lapid  inerease  in  weight, 
in  dividing  the  reported  quantity  of  wool  by  the  number  of  sheep. 

The  steady  increase  in  the  weight  of  fleeces  is  the  result  of  a  stronger 
infusion  of  Merino  blood  in  clothing-wool  flocks,  and  the  impi-ovement 
in  Mexican  and  other  low-grade  sheep  by  the  use  of  sires  of  English 
mutton  breeds.  Better  care  and  feed  have  also  increased  the  weight 
.  of  fleece.  As  indicated  by  the  census  enumeration,  the  avers^  weight 
has  been  1.9  pounds  in  1840,  2.4  in  ISM,  '2.7  in  IStiii,  S.5  in  1870,  4.4 
in  1880,  and  4.8  in  1890. 

While  the  census  returns  of  wool  are  doubtless  somewhat  low,  the   , 
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aTeroges  indicate  an  increase  that  U  well  understood  by  woolgrowers. 
Kxpert  investigation  sbow«  soniewliat  larger  averages,  which  have 
quite  regularly  increa^d  until  the  pi'esent  average  cornea  within  a 
Btnall  fraction  of  6  pounds  per  fleece.  It  should  be  understood  that 
the  fleeces  shorn  from  the  sheep  on  the  farm  do  not  constitute  the  full 
domestic  wool  supply.  The  millions  of  sheep  and  lambs  slaughtered 
are  either  shorn  before  slaughtering  or  the  pelts  afterwards  furnish  a 
considerable  quantity  of  pulled  wool,  so  that  the  entire  year's  supply 
of  wool  is  taken  from  a  much  latter  number  of  sheep  than  any  census 
or  assessoi's'  enumeration  gives. 

The  distribution  of  sheep  at  the  present  time  it  indi(»ted  by  the 
following  estimates  of  numbers  and  averse  values  in  tlanuary,  19(X): 

Numliera  and  values  i)/iihee]i,  Jiinuari/  1,  1900,  by  iitate»  nwl  Territorifs. 
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A  gi'eat  change  has  of^curi-ed  in  the  dintribution  of  sheep  in  thirty 
years.     In  1S70  the  mountain  ninge  country  wa.'j  just  emerging  from 
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the  control  of  the  Indians,  and,  with  the  Pacific  coast  and  Texas,  con- 
tributed only  22  per  cent  to  the  Department  estimates  of  1871;  now 
the  above  table  gives  to  this  Western  range  section  about  65  per  cent 
of  all,  or  more  than  27,000,000  sheep.  Then  Texas  was  beginning  to 
make  progi*ess  in  sheep  husbandry,  which  was  so  rapid  that  in  1884 
the  record  made  an  aggregate  of  nearly  8,000,000,  the  highest  ever 
made  by  that  or  any  sister  State.  That  of  last  January  was  2,416,721, 
a  figure  exceeded  by  New  Mexico,  Montana^  Wyoming,  Idaho,  and 
Oregon. 

These  facts  indicate  the  relative  decline  of  sheep  husbandry  in  the 
farming  States.  The  free  pasturage  of  the  great  range  country 
handicapped  the  industry  on  farm  lands,  especially  the  woolgrowing 
branch.  Just  as  wheat  growing  gradually  receded  westward,  and 
cattle  raising  declined,  first  east  of  the  Alleghenies  and  afterwards 
appreciably  in  the  Ohio  Valley,  woolgrowing  almost  disappeared 
from  the  farms,  while  mutton  production  lingered  in  the  blue-grass 
section  and  other  regions  of  fat  pasturage,  and  the  raising  of  early 
lambs  retained  a  footing  among  farmers  skilled  in  this  branch  of  meat 
making.  A  few  of  the  skilled  and  experienced  breeders  of  Vermont, 
New  York,  Pennsylvania,  and  Ohio  continued  the  development  of 
pure-bred  Merinos  for  the  improvement  of  the  flocks  of  the  range 
country,  and  those  of  South  America  and  Australia.  With  increasing 
demand  for  mutton,  the  flocks  of  the  farming  States  were  gradually 
modified  by  a  larger  infusion  of  the  blood  of  the  English  breeds. 
Thus  the  balance  of  distribution  was  disturbed,  notwithstanding  some 
advantages  in  high  breeding  and  nearness  to  mutton  markets. 

The  Central  West  was  long  a  stronghold  of  woolgrowing.  It  gave 
way  to  powerful  far  Western  competition  slowly,  holding  its  position 
tenaciously,  and  yielding  only  as  other  industries  and  interests 
demanded  recognition  and  commanded  better  profit.  The  following 
statement  compares  the  present  with  the  distribution  of  1871: 

Numfier  and  iHibie  of  itheep  in  CeiUrnl  West  in  1871  and  1900  compared. 


Stat<»s. 


Number. 


Kentucky 9M,  300 

Ohio 4,611,000 

Michigan I  3,072.800 

Indiana 2,  KXi,  000 

Illinois 1 ,  124, 000 

Wiflconsin ,  1 , 0,V),  000 

Minnesota 140,000 

Iowa 1,822,700 

Missouri 1,678,200 


Total. 


1871. 

Average 
value. 


16,742,000 


Total 
value. 


82.287,879 
10,488,660 
6,852,344 
3,822,000 
2,819,520 
2,576,640 
310.800 
3,116,817 
2,540,902 


1900. 


Number. 


549.832 
2,839.690 
1,389,073 
677,906 
637,719 
744,656 
419,218 
619,476 
697,619 


Average 
value. 


2.  OK     34, 815, 662  I    8, 475, 188 


13.01 
8.71 
8.68 
4.00 
8.97 
8.65 
3.18 
4.02 
8.10 


Total 
value. 


11,656,094 
10,535.250 
4,9?2,8«2 
2,713,998 
2,582,383 
2,716,605 
1,883,113 
2,4^7.816 
1,854,711 


3.58  I    80,802.747 


In  1871  the  estimated  number  of  sheep  in  the  country  was  31,851,000; 
in  1900,  41,883,065.     The  proportions  of  these  States  at  the  two  dates 
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are  respectively  62.6  and  20.2  per  cent.  And  the  numbers  in  these 
States  were  by  no  means  highest  in  1871.  Ohio  had  7,000,000  a  few 
years  earlier.  Although  there  are  little  more  than  half  the  number  now 
that  was  reported  in  1871,  it  is  noticeable  that  the  total  value  is  greater 
now  than  then.  This  is  only  in  part  because  of  increase  in  average 
value  of  sheep  in  the  whole  countiy  from  $2.32  in  1871  to92.93  in 
1900.  The  increased  average  value  of  the  sheep  in  the  centi*al  West  is 
largely  due  to  increase  in  the  number  of  heavy  mutton  sheep  and  the 
value  of  pure-bred  heavy  Delaine  Merinos.  The  decrease  in  numbers 
has  only  one  exception — ^Minnesota,  which  in  1871  had  very  few  faiin 
animals  of  any  kind.  There  is  no  reason  why  the  flocks  of  this  sec- 
tion should  not  be  increased,  not  for  wool  alone,  but  for  mutton  and 
wool,  and  the  tendency  is  now  strongly  in  that  direction. 

There  is  no  doubt  of  the  ability  of  our  woolgrowers  to  produce  a 
full  supply  of  clothing  and  worsted  wools.  Of  this  the  manufacturers 
have  long  been  satisfied.  Thirty  years  ago  a  president  of  the  Wool 
Manufacturer'  Association  expressed  his  opinion  that  ''the  consump- 
tion of  American  wool,  now  about  125,000,000  pounds,  will  in  six  years 
aggregate  more  than  300,000,000  annually."  It  was  not  accomplished 
in  six  years,  but  in  1884  the  supply  reached  that  figui*e.  This  desire 
for  a  full  domestic  supply  on  the  part  of  wise  and  far-seeing  manu- 
facturers was  founded  on  the  superior  qualities  of  American  wool,  and 
also  on  the  necessity  of  independence  of  foreign  wool  markets.  For- 
eign manufacturers  are  compelled  to  depend  on  imported  wools  mainly, 
to  scramble  for  supplies  in  all  the  woolgrowing  countries  of  the  world. 
Our  manufacturers  realize  the  advantage  of  nonparticipation  in  this 
competitive  quest  on  antipodal  continents  and  the  islands  of  distant 
seas  for  wools,  none  of  which  are  better  than  our  own,  and  most  of 
which  are  weaker  in  fiber  and  of  less  dui-ability.  Thirty-four  yeai*s 
ago,  at  the  very  l)eginning  of  the  era  of  improvement  by  breeding 
and  better  care,  a  committee  of  the  National  Association  of  Wool 
Manufacturers,  consisting  of  the  most  experienced  and  successful 
manufacturers  of  the  United  States,  said  in  a  report: 

In  a  class  of  fabrics  entering  more  largely,  perhaps,  than  any  others  into  general 
consumption,  that  of  flannels,  their  superiority,  (hie  principally  to  the  adaptation  of 
the  common  wools  of  this  country,  their  strength  and  admirable  qualities,  is  so 
marked  as  almost  to  exclude  the  foreign  flannels.  American  fancy  cassimeres  com- 
pare favorably  in  finish,  fineness,  and  strength  with  those  imported.  Our  delaines, 
owing  again  in  a  great  measure  to  the  excellence  of  our  Merino  combing-wool,  sur- 
pass the  fabrics  of  Bradford  at  the  same  price.  The  excellence  of  American  shawls 
was  admitted  at  the  great  exhibition  at  London. 

It  has  been  the  experience  of  all  nations  that  the  domestic  supply  has  been  the 
first  and  always  the  chief  dependence  of  its  manufactures,  and  the  iK'culiar  character 
of  the  material  has  impressed  itself  upon  the  fabric  which  each  country  has  produced. 
Thns,  in  the  fine  wools  of  Saxony  and  Silesia  we  have  the  source  of  German  broad- 
cloths; in  the  combing-wools  of  England  the  worsteds  of  Bradford,  and  in  the  long 
Merino  wools  of  France  the  origin  of   the  flannels  and  cassi meres.    The  peculiar 
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excellencies  of  Merino  wools  have  given  origin  to  our  flannels,  our  caasiineres,  otir 
shawls,  and  delaines,  and  they  give  soundness  and  strength  to  all  the  faibrics  into 
which  they  enter. 

Since  that  time  the  delaine  improvement  has  been  remarkable,  the 
Eambouillet,  or  French  Merino,  ha8  become  popular,  the  Lincolns  and 
Cheviots  have  been  added  to  the  Leieesters,  Cotswolds,  and  the  Down 
breeds,  the  stocks  of  the  mutton  type  have  become  more  numerous, 
and  even  the  fat-tailed  Tunis  has  a  footing  among  our  breeds, 
which  now  include  nearly  all  worth  noting  in  the  world,  so  that  our 
wools  are  greater  in  variety  than  ever  before.  Nearly  thirty  j'ears 
ago  the  writer  said  of  the  RambouilletH:  ''The  introduction  of  these 
regenerators,  which  have  proved  so  efficient  in  Australia  and  Buenos 
Aj^reS,  might  well  again  be  essayed."  The  better  care  and  better  feed 
that  is  now  bestowed  on  all  our  farm  animals  extends  to  sheep  and 
affects  favorably  the  chai*acter  of  the  wool.  This  liberal  and  system- 
atic feeding  produces  a  unifoi*m,  sound,  and  healthy  fiber. 

Mr.  E.  B.  Bigelow,  the  first  president  of  the  Manufacturers'  Asso- 
ciation, stated  ''that  the  card- wool  industry  constituted  the  larger 
part,  probably  four-fifths  of  the  whole,"  and  that  "the  principal  hin- 
drance to  the  i^apid  extension  of  this  branch  of  manufacture  is  the 
limited  supply  of  raw  material,"  and  that  "  there  is  nothing  that  would 
give  such  an  impetus  to  the  manufacture  of  worsted  fabrics  in  this 
country  as  a  full  supply  of  home-grown  long  combing- wools."  The 
introduction  of  the  mutton  breeds  above  mentioned  and  their  wider 
dissemination  has  done  much  to  remedy  this  deficienc}-;  but  the  intro- 
duction of  the  French  Merino  and  the  great  improvement  wrought 
by  selection  and  breeding  of  our  Delaine  Merinos,  which  are  differ- 
entiated now  in  fixed  characteristics  and  established  as  distinct  breeds 
with  books  of  record,  has  given  us  a  wealth  of  home-grown  material 
for  worsteds  such  as  no  other  country  enjoys. 

The  supply  of  wool  for  consumption  is  made  up  of  the  domestic 
product  and  net  importation,  or  imports  minus  exports.  An  approxi- 
mate estimate  for  the  decade  between  1840  and  1851  is  00,000,000 
pounds,  or  3  pounds  per  capita;  for  the  decade  between  1850  and  1861 
about  90,000,000,  or  about  3^  pounds  per  capitii.  For  the  four  decades 
since  l.S()0  annual  estimates  of  sheep  and  wool  have  been  made,  from 
which  the  following  statement  of  supply  has  been  made: 

Dometitic  and  foreign  vuml  fvupply  of  the  Xiiiied  States  j  hy  dcctid^'s^  1861-1900. 


Fiscal  years. 

Dorae«tir. 

Forei|?n. 

Total. 

1861-1870 

- 

Poumh. 
1,387,586,407 
1,8(51,226,971 
2,805,850,348 
2.831,090,691 

Pound*. 

501,611,132 

640,916,6;^ 

889,(10.1,571 

1,614,052,056 

Pound*, 
1.889.197.539 

1871-1880 

2.502.143,609 

1881-1890 

3.094.855.919 

1891-1900 - -  - 

4,445.142,747 

SHEEP   AND   W<K)L.  29 

This  tabio  niark-s  the.  prx^resa  of  woolen  manufacture  and  nhows 
that  more  than  twice  the  quantity  of  wool  manufactured  in  the  sixties 
is  now  required  and  that  the  mill  (consumption  has  advanced  per  cap- 
ita from  5.4  to  QA  pounds. 

The  foregoing  summary  gives  the  net  importations  by  dorades  for 
forty  years.  For  the  last  ten  years  more  detail  ia  desirable,  and  the 
following  table  gives  the  annual  importation  according  t*)  the  tariff 
classification,  showing  the  proportion  of  clothing,  combing,  and  mis- 
cellaneous cheaper  wools: 

Anunatlr,  tiyiih,  arid  ntlnrn  of  I'lml  impirrleil  itU'i  the  United  tSaief,  ISUi-lUUO. 


This  makes  an  importation  in  ten  years  of  l,ti51t,807,994  pounds,  of 
which  about  one-half  was  received  in  a  little  more  than  three  years  as 
free  wool,  twice  as  umch  as  the  usual  average  under  the  dutiable 
schedules.  The  worst  aspect  of  this  abnormal  increase  is  the  large 
proportion  of  clothing  and  combing  wools  under  the  law  of  1894,  more 
than  two-thirds  of  all  the  rcceipta  for  ten  years  coming  during  this 
period.  These  are  the  wools  that  compete  most  seriously  with  the 
domestic  product. 

To  show  the  amount  of  wools  imported  at  the  present  time  and  the 
countries  from  which  they  are  importtid  the  following  statement  cov- 
ers imports  of  clothing  wools,  or  those  of  the  Merino  type,  for  the  fis- 
cal year  ended  June  30,  1900: 


Poandi. 
IS.  131,  SOT 

ll)  013^783 
l!  in;  487 

t2,«02,0GS 

''S'i 

87,«»,a43 

8, 009,  MS 

~ 

Though  Great  Britain  makea  the  largest  shipments  the  wool  is  not 
grown  there,  bat  comes  mostly  from  Australia,  with  some  contribu- 
tions from  South  Africa  and  the  Plata  River  region  of  South  America. 
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The  combing  wools  (clasn  2)  are  always  a  relatively  small  quantity, 
our  various  families  (now  recognized  as  breeds)  of  Merino  Delaines 
producing  a  finer  combing  wool  than  the  English  breeds  and  furnish- 
ing much  of  the  present  supply.  Class  2  includes  the  wool  of  these 
mutton  breeds,  and  comes  mostly  from  Great  Britain,  the  home  of  the 
mutton  sheep,  though  much  of  this  may  have  been  brought  to  London 
from  the  mother  flocks  of  New  Zealand  and  Argentina.  Canada  makes 
the  next  largest  contribution  to  our  imports  of  English  combing  wools. 
The  following  statement  shows  the  sources  of  these  foreign  wools: 

Amounts  and  valties  of  combing  uxxyls  {dags  2)  imported  in  fiscal  year  ended  Jtme  SO,  19CX), 

by  countries  from  trhich  imported. 


United  Kingdom 

other  Europe 

British  North  America. 

South  America 

Asia  and  Oceania 

other  countries 


CountrifM. 


Amount. 


Total. 


Ptmndt. 

9,445,222 

779,680 

2, 135, 929 

206,472 

25.H40 

38,190 

12,631,283 


Value. 


$1,885,629 

271,662 

418,508 

48,600 

7,102 

7,826 

2,638,721 


Class  3,  miscellaneous  wools,  sometimes  miscalled  cai-pet  wools,  are 
the  product  of  neglected  flocks  and  unskilled  breeding  throughout  the 
world.  Some  of  these  wools  can  be  and  have  been  used  for  coarse 
flannels,  and  some  can  be  utilized  in  cheap  cloths.  As  our  carpet 
industry  is  flourishing,  and  so  far  held  its  own  in  the  great  depression 
of  manufactures  as  to  supply  domOvstic  consumption  and  keep  out  all 
but  a  few  fancy  weaves  and  special  orders,  most  of  this  cheap  stuflf, 
costing  less  than  an  average  of  10  cents  per  pound,  and  some  of  it  not 
more  than  7,  necessarily  goes  chiefly  into  carpets.  Indeed,  in  the 
manufacture  of  the  best  grades  of  carpets  better  wool  is  sometimes 
used.     The  wool  of  class  3  comes  from  the  following  countries: 


Amounts  and  values  of  wools  of  doss  S  imported  in  fiscal  year  ended  June  30^  IfHX)^  by 

countries  from  which  imported. 


Countries. 


Amount.     !       Value. 


United  Kingdom 

France 

Germany 

Other  Europe 

British  North  America. . 

South  America 

China 

other  Asia  and  Oceania, 
other  countries 


Total. 


Pounds. 

29,849,816 
3,784,008 
2,187,716 

21,660,166 


10,608,902 

30,709,966 

7,138,676 

444,179 


105,882,929 


18,199,216 

875,298 

288,117 

1,968,626 


798,982 

2,157,578 

828,896 

45,528 


9,617,230 


The  year  ended  June  30,  1900,  has  been  one  of  i-emarkable  activity 
in  manufacture.     The  output  has  been  unprecedented,  yet  the  impor- 
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tations  of  wool  in  the  three  fiscal  years,  1898-1900,  have  been  less 
than  one-half  as  much  as  the  importations  of  the  preceding  three 
years.  There  has  been  wool  used  of  previous  importations  because 
the  glut  had  to  be  cleared  away  and  the  destruction  of  sheep  had  caused 
an  insufficiency  of  the  domestic  product;  yet  there  is  reason  to  believe 
that  in  the  presence  of  a  full  domestic  supply  of  clothing  and  combing 
wools  there  would  be  no  very  urgent  demand  for  the  importation  of 
any  large  quantity  of  wools  except  those  of  class  3. 

It  is  indicative  of  the  high  standard  of  living  in  the  United  States 
that  the  consumption  of  wool  in  domestic  and  imported  goods  has 
increased  in  fifty  years  from  4  to  8  pounds  per  head. 

While  our  importations  of  manufactures  of  wool  have  increased  in 
each  decade  for  fifty  years,  except  the  last,  the  value  per  capita  of 
imports  has  been  diminishing  with  much  regularity  for  fifty  years. 
For  the  ten  years  ended  with  1860  this  value  per  capita  was  the  high- 
est in  the  history  of  our  foreign  trade,  $1.16;  in  the  following  decades, 
respectively,  94,  90,  74,  and  46  cents.  A  heavy  decrease  is  noted  in 
the  last  decade,  an  effect,  as  the  writer  believes,  of  legislation  tending 
to  restrict  importation  and  to  stimulate  domestic  production.  This  is 
the  more  notable  from  the  fact  that  the  average  annual  imports  of  the 
free- wool  period  were  nearly  double  those  of  the  other  seven  years, 
being  $47,066,760,  although  the  prices  werc  low  and  quantities  of  low- 
class  goods  correspondingly  large.  There  were  never  so  many  goods 
before  imported  in  three  years,  and  they  never  were  of  so  base  a 
quality.  Yet  the  reduction  in  value  of  imports  since  1890,  as  com- 
pared with  the  previous  decade,  is  26  per  cent,  while  our  population 
has  been  increased  about  20  per  cent. 

This  affords  a  guaranty  of  our  ability  to  produce  all  the  woolens 
required  for  consumption.  The  machinery  at  present  in  opei-ation  is 
deemed  sufBcient,  without,  much  extra  speeding  or  increase  of  running 
time,  to  supply  the  wants  of  a  fu]l  rate  of  consumption. 

Value  of  net  importations  of  manufactures  of  wool  by  decadAO^^  1830-1900, 


Ten  yean 
ended  with— 

Abrogate. 

Annual 
aveiage 

Average 

value  per 

capita. 

Ten  years 
ended  with— 

A^'gregate. 

Annual 
average. 

Average 

value  per 

capita. 

1830 

t82,900,615 
139,507,716 
130,058,518 
813,332,730 

18,290,062 
13,950,772 
13,005,852 
81,383,273 

30.75 

.94 

.S5 

1.16 

1870 

$330,465,214 
395,376,936 
433,459,813 
320.134,071 

983,046,521 
89,537,694 
43,345,981 
32,013,407 

90.91 

1840 

1880 

.90 

1850 

1890 

.77 

1860 

1900 

.46 

The  magnitude  of  our  woolen  industry  may  not  be  appreciated 
fully.  It  has  suffered  from  adverse  legislation,  but  is  now  producing 
more  than  ever  before.  This  is  one  of  four  great  manufacturing  coun- 
tries, and  every  one  of  the  four  has  built  up  its  wool  manufacturing 
industry  by  protective  legislation.  Great  Britain  alone  has  abandoned 
this  policy.  France  stands  at  the  head  in  importance  of  manufacture. 
Great  Britain  comes  next,  and  Germany  and  the  United  States  are 
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nearly  equal.  It  will  not  be  long,  doubtle»8,  in  the  absence  of  adverse 
legislation,  before  this  country  will  surpass  all  others  in  the  extent 
and  value  of  manufactures  of  wool.  It  has  one  advantage  possessed 
by  none  of  its  rivals — a  domestic  supply  of  two-thirds  of  the  mill  con- 
sumption and  pastoral  areas  sufficient  for  the  whole  of  it. 

Other  countries  must  depend  mainly  on  foreign  wool,  as  Finance, 
Great  Britain,  and  Germany  together  only  produce  about  as  much  as 
this  country.     This  foreign  dependence  is  thus  indicated: 

Imporls  and  exports  of  ivool  by  Praiwey  Great  Britain^  and  Germany  for  1890  ami  1899, 


Countries. 


Year. 


France. 


Great  Britain 


Germany. 


1899 
1890 
1899 
1890 
1899 


Imports. 


Pounda. 
371,r22.377 
558, 4ft5, 820 
6->9,2:jr.,219 
73.'>,fi27,420 
■28:^.  542, 424 
391,636,633 


Exports. 


Pound$. 
39,575,679 
&4, 993, 961 
960.006,616 
410,929,012 
19,872,264 
19,920,064 


Net  imports. 


Pioundn. 

832,146,798 

493,461.859 

269,229.603 

324.698.408 

263.670,160 

371,716,669 


France  in  1890  had  a  domestic  product  of  124,803,000  pounds, 
which  has  greatly  declined.  Great  Britain  had  147,475,000  at  that 
time,  and  Geimany  54,894,000.  The  numbers  of  sheep  in  Germany 
and  Fmnce  have  fallen  off,  increasing  their  dependence  on  imports  of 
wool. 

For  the  past  ten  yeai*s  the  wool  supply  of  this  country,  domestic 
and  foreign,  has  been  about  430,000,000  pounds  annually,  which  is 
about  the  same  as  that  of  Germany  now,  and  nearly  as  large  as  that  of 
Great  Britain,  exclusive  of  the  stocks  of  shoddy  and  wastes  of  all 
kinds.  About  three-fourths  of  all  the  wool  of  the  world  is  manufac- 
tured in  these  four  countries,  besides  the  remanufacture  of  the  reno- 
vated rags  of  the  world,  of  which  the  people  of  this  country  would  be 
glad  to  accord  Europe  the  monopoly,  and  with  it  the  doubtful  reputa- 
tion of  having  the  cheapest  clothing. 

The  question  has  been  repeatt^dly  asked,  Can  wc  produce  all  the 
wools  required  for  domestic  manufacture?  There  is  no  doubt  of  the 
capacity  of  the  country  to  produce  more  wool  than  is  now  consumed 
in  any  form.  There  are  economic  reasons  that  will  doubtless  prevent 
the  production  of  very  low-grade  wools.  Yet  with  100,000,000  sheep 
there  will  be  a  considerable  number  of  common  sheep,  such  as  Mexi- 
cans in  the  early  stages  of  improvement;  also  the  belly,  neck,  and 
breech  wools  of  the  coarse-wooled  breeds  will  furnish  a  large  quantity 
of  carpet  wool;  and  if  these  are  not  sufficient,  woolgrowers  will  prob- 
ably not  object  to  the  admission  from  abroad,  at  the  present  low  rate 
of  duty,  of  all  that  is  neces.sary  to  meet  the  deficiency.  But  the  cloth- 
ing and  worsted  wools  required  can  be  and  should  be  produced  in  suf- 
ficent  quantity  to  meet  the  requirements  of  increasing  population  for 
many  years  to  come.  When  our  population  is  far  more  dense  than  at 
present,  and  the  very  limited  exportation  of  woolen  manufactures  has 
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acquired  a  far  greater  volume,  it  will  be  time  enough  to  begin  to 
question  the  possibility  of  a  full  domestic  wool  supply. 

The  sheep  is  a  factor  in  keeping  up  the  fertility  of  lands.  A  million 
farms  east  of  the  Mississippi  need  them  in  their  pastures  to  keep  down 
growths  of  plants  that  cattle  or  horses  do  not  touch.  They  are  kept 
on  lands  in  England  far  more  valuable  than  the  best  in  New  York  or 
Ohio. 

Increasing  )K)pulation  will  require  more  meat.  Years  ago,  when 
sheep  were  kept  almost  exclusively  for  wool,  and  the  aged  slaughtered 
for  market  in  poor  condition,  tough  and  tasteless,  *' sheep  meat"  was 
not  popular.  Those  days  are  past;  mutton  is  appreciated  and  lamb  is 
a  delicacy  that  brings  high  prices.  Mutton  eating  is  i*apidly  increas- 
ing. It  is  taking  the  place  of  pork  as  a  more  palatable  and  healthful 
meat,  and  even  reducing  the  relative  consumption  of  beef,  as  in 
England. 

It  should  be  remembered  that  Ohio  has  had  three  times  as  many 
sheep  as  at  present,  and  could  easily  care  for  7,000,000 again;  that  the 
central  West  has  had  twice  as  many  as  now,  with  abundant  lands  for 
their  pasturage,  and  for  more  than  were  ever  before  kept.  Texas  has 
kept  three  times  as  many  as  at  the  present  time,  and  with  increase  of 
feeding  resources,  in  forage  plants,  oil  meal,  and  corn,  in  feeding  sup- 
plementary to  pasturage,  can  keep  larger  stocks  than  ever.  The 
increase  of  beet-sugar  factories,  to  be  greatly  accelerated  in  the  future, 
furnishes  material  for  feeding  sheep  in  large  quantities.  Mutton  pro- 
duction in  the  South,  an  industry  feebly  existent  hitherto,  can  be  made 
One  of  the  most  profitable  in  the  agriculture  of  that  section. 

It  is  not  easy  to  limit  or  measure  the  sheep-carrying  capacit}^  of  the 
country,  of  the  farms  as  well  as  the  ranges.  Little  more  than  a  third 
of  the  land  is  in  farms,  and,  of  many  of  the  farms,  not  a  third  of  the 
area  is  in  cultivation  or  full  occupation. 

Maine,  the  "  down-east"  State  of  the  Atlantic  coast,  has  only  a  third 
of  its  area  in  farms,  and  its  forest  lands  are  among  the  most  fertile 
in  the  East.  The  States  east  of  the  Mississippi  can  carry,  without 
encroachment  on  other  lines  of  rural  industry,  more  sheep  than  there 
are  now  in  the  entire  country. 

Will  this  development  be  made?  It  depends  entirely  on  economic 
conditions.  If  good  prices  of  wool  are  mamtained  for  a  period  suffi- 
ciently long  to  give  the  grower  confidence,  if  practical  education  in 

feeding  is  advanced,  and  the  promise  of  a  permanently  profitable 
business  is  assured,  there  is  likely  to  be  a  realization  of  such  an 

increase  of  flocks. 

How  many  sheep  would  be  required?     Estimates  have  heretofore 

been  considerably  exaggerated.     Sometimes  it  has  been  stated  that 

9  pounds  per  capita  of  wool  are  annually  required  in  goods  of  all 

kinds.     The  consumption  has  never  been  so  great.     Eight  pounds  is 
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an  jimple  estimate.  The  annual  wool  supply  for  the  last  ten  years  has 
avei'aged  444,514,274  pounds.  The  annual  imports  of  manufactures  of 
wool  are  valued  at  $32,013,407,  against  an  annual  avei-age  of  $43,345,- 
981  for  the  ten  A'^ears  ended  with  1890.  And  these  figures  include, 
besides  wool  and  manufactures  of  wool,  a  large  proportion  of  shoddy 
and  shoddy  goods.  Compare  the  fleece  wools  used  in  Great  Britain 
with  the  quantity  or  value  of  manufactured  goods,  and  an  analysis 
will  show  how  large  a  proportion  of  shoddy,  flocks,  mungo,  and 
wastes  of  all  kinds  enter  into  the  composition  of  this  mass  of  manu- 
facture. American  shoddy  itself  makes  an  apprcciable  addition  to 
the  wools  of  the  country,  and  always  will,  and  they  should  be  included 
in  reckoning  the  wool  requirements  of  our  manufacture,  appreciably 
reducing  the  amount  required.  In  these  high  estimates  of  retiuire- 
ment  every  form  of  shoddy  and  waste,  cotton  and  linen,  that  enters 
into  the  goods  imported  as  woolens  is  counted  as  wool.  It  may  be 
wool  to  the  manufacturer,  but  it  is  not  to  the  woolgrower. 

A  total  of  60,000,000  sheep,  producing  360,000,000  pounds  of  fleece 
and  60,000,000  pounds  of  butchers'  wool,  would  have  furnished  very 
close  to  the  supply  for  manufacture  during  the  last  ten  years,  without 
considering  shoddy  or  substitutes.  Should  we  reach  a  total  of  80,000,000 
sheep  in  a  decade  or  two,  a  volume  of  550,000,000  pounds  of  wool 
would  be  pro<luced — more  real  wool  than  an}*^  nation  in  the  world, 
except  possibly  France,  has  ever  manufactured  in  a  single  j^ear. 
When  we  reach  100,000,000,  if  we  should,  with  700,000,000  pounds  of 
wool,  fleece  and  pulled,  with  the  substitutes  that  must  be  counted  in 
manufacture,  there  would  be  a  liberal  and  ample  supply  for  a  popula- 
tion of  100,000,000.  This  does  not  make  allowance  for  a  considerable 
quantity  of  carpet  wools  that  are  quite  certain  to  be  imported,  and 
any  other  imports  that  manufacturers  might  fancy  in  their  quest  for 
novelties  or  preferences  in  wools,  which  must  always  reduce  domestic 
requirements. 

The  present  duties  are  not  prohibitory.  They  will  admit  a  large 
quantity  of  the  third  class,  and  more  or  less  of  the  other  two,  no  matter 
how  large  the  domestic  supply,  but  they  will  suflBce  to  prevent  an 
avalanche,  maintain  fair  prices,  and  admit  of  gradual  enlargement  of 
wool  production. 

The  fleece  of  the  Angora  goat,  known  as  mohair,  is  one  of  the  ele- 
ments, however  small,  included  with  our  foreign  wool  supply,  and 
should  be  reckoned  with  the  domestic.  A  few  words  regarding  the 
Angora  goat  industry  in  this  country  are  in  order  here.  In  1849  Dr. 
Davis  imported  two  bucks  and  six  does  of  good  quality.  Colonel 
Peters  followed  with  several  importations.  Diehl  &  Brown,  in  1869, 
imported  135  animals;  Mr.  Israel  Diehl  had  a  commission  from  the 
Department  of  Agriculture  to  facilitate  his  work  of  selection.  Maurice 
Brothers,  of  Texas,  made  importations  in  1869,  1871,  1872,  and  1873. 
Mr.  John  L.  Harris  went  from  California,  in  1875,  to  Asia  Minor  to 
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investigate  Angom  breeding,  and  in  California,  Oregon,  and  Nevada 
has  been  engaged  in  breeding  ever  since,  establishing  large  flocks  and 
distributing  to  other  States. 

They  are  not  confined  to  range  districts,  but  have  been  hold  in  many 
of  the  fanning  States  from  the  Missouri  to  the  seaboard.  Recently 
there  has  been  an  active  demand  for  them  at  advanced  prices.  In  the 
agricultural  exhibit  of  the  Paris  Commission  there  are  24  samples  of 
mohair  from  a  few  of  the  prominent  flocks,  most  of  them  collected  by 
William  R.  Payne  &  Co.,  New  York  dealers  in  mohair  and  wools. 
They  estimate  the  annual  product  of  mohair  at  about  700,000  pounds, 
grown  mostly  in  Texas,  California,  Oregon,  and  Nevada,  and  tlie 
number  of  goats  at  a]x)ut  24:0,000. 

THE   CLASSinCATION    AND   HANDLIN(}   OF   AMERICAN   WOOLS. 

Early  in  the  spring  of  each  year,  at  the  shearing  of  the  annual  clip, 
the  principal  woolgrowing  sections  swarm  with  buyei*s  representing 
woolen  mills  and  dealers  in  wools.  Many  of  these  are  residents  of  the 
country,  buying  on  commission,  sometimes  on  speculation  on  their 
own  account.  All  the  conditions  and  influences  tending  to  lower 
prices  are  of  course  urged  to  depress  values  at  this  time;  and  if  the 
tendencies  are  sharply  toward  a  higher  level,  as  in  the  spring  of  181HJ, 
the  buyers  are  careful  not  to  give  them  publicity.  Yet  intelligent 
growers  are  alert  to  ascertain  promptly  and  accurately  the  drift  of 
prices.  Others  are  sometimes  caught  napping  and  part  with  their 
wool  at  prices  which  leave  too  large  a  margin  to  the  speculative 
middleman. 

The  merino  wools,  or  clothing  wools,  are  commonly  classified  as 
Picklock,  XXX,  XX,  X,  one-half  blood,  three-eighths  blood,  and  one- 
fouiih  blood,  according  to  quantity  and  fineness.  Picklock  is  an 
extremely  fine  fiber,  of  which  a  very  little  is  found  in  the  remaining 
Saxony  flocks  of  breeders  in  western  Pennsylvania.  Most  of  these 
breeders  have  modified  their  flocks  to  obtain  heavier  fleeces  of  longer 
fiber,  bringing  much  more  money.  There  is  also  very  little  of  the 
XXX  grade,  which  is  only  exceeded  in  fineness  by  the  purest  breed- 
ing of  Saxony  Merinos.  The  mass  of  high-grade  clothing  wool  is  of 
the  XX  and  X  grades.  The  lower  grades  are  made  by  dealers  accord- 
ing to  fineness  and  quality,  without  a  knowledge  (which  would  be 
impossible  to  attain)  of  the  precise  f  mction  of  Merino  blood  of  the 
aheep  producing  them. 

The  combing  wools  are  of  two  classes.  Formerly  they  were  exclu- 
sively of  the  English  mutton  breeds,  or  at  least  were  not  of  Merino 
origin.  The  exigencies  of  wool  manufacture,  the  insufficiency  of  sup- 
ply of  true  combing  wool,  made  it  necessary  to  adapt  machinery  for 
combing  the  merino  carding  or  felting  wools.  This  rendered  necessary 
a  fiber  longer  than  2^  inches,  which  is  about  the  length  of  the  finer 
qualities.     A  considerable  difference  always  existed  in  length  of  fiber 
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of  different  families  under  different  climatic  and  nutritive  conditions; 
it  was  easy,  by  selection  and  breeding,  to  increase  the  length,  a  process 
of  modification  which  has  ])een  in  progress  for  many  years.  This 
merino  division  of  combing  wools  is  classified  in  three  grades — fine, 
the  finest  of  long  staple;  medium,  not  quite  so  fine;  and  low,  of  comb- 
ing length  and  a  little  finer  than  the  combing  wool  of  mutton  breeds. 
These  are  classed  as  three-eighths  blood,  one-fourth  blood,  conunon, 
and  braid,  the  last  being  the  long  and  lustrous  wools  of  the  Lincolns, 
and  also  of  Leicesters  and  Cotswolds. 

The  condition  of  wool  is  an  important  element  of  value  and  of  profit 
in  sheep  husbandry.  It  is  a  matter  that  demands  the  attention  of 
growers,  who  could  readily  obtain  a  few  million  dollars  more  for  the 
annual  clip,  mostly  additional  profit,  by  greater  care  in  management 
and  better  methods  of  handling. 

Neglect  of  flocks  in  winter,  insufiScient  supply  of  feed,  the  great 
difference  between  the  succulent  spring  pasture  and  dry  winter  feed, 
perhaps  scarcely  more  liberal  than  the  run  of  straw  stacks,  will  cause 
uneven  quality,  reduction  of  strength,  and  decrease  in  price.  Lands 
allowed  to  be  overrun  with  weeds  will  fill  fleeces  with  seeds  and  burs, 
and  what  is  saved  in  labor  is  doubly  lost  in  lower  price.  A  great  deal 
of  dust  and  chaff  in  fleeces  can  be  obviated  by  a  little  attention  to 
methods  of  feeding.  Care  in  shearing  is  also  important,  resulting  in 
saving  of  wool  and  in  lx>ttcr  condition  of  the  fleece. 

In  the  putting  up  of  wool  for  market  there  has  long  been  a  cause  of 
variance  and  friction  l>etween  grower  and  buyer  in  all  parts  of  the 
country.  The  buyer  complains  of  filth}-  tags  and  dirt  in  the  fleeces, 
and  of  the  use  of  unnecessary  quantities  of  unreasonably  large  twine 
of  a  quality  that  injures  the  fabric  in  the  manufacture.  On  the  other 
hand  growers  sa}'-  that  when  they  exercise  the  greatest  care  in  all 
these  respects  the  buyers  will  allow  no  discrimination  in  price.  There 
is  doubtless  some  truth  in  these  countercharges,  yet  a  lot  of  fleeces 
carefully  handled,  of  even  quality,  would  claim  some  consideration 
from  a  practical  buyer,  or  they  could  be  sent  to  a  r(»lia})le  conmiission 
house  and  command  a  price  that  would  pay  well  for  the  exti'a  care. 
There  is  evidently  room  for  much  improvement  on  the  part  of  seller 
and  buyer,  and  the  subject  is  worth}'  of  the  thoughtful  consideration 
of  both. 

The  advisability  of  washing  sheep  before  shearing  has  long  In^en  a 
subject  for  discussion.  Its  pui-pose  is  the  ])etter  condition  and  higher 
price  of  the  wool.  The  difficulty  presented,  which  appears  to  be 
insuperable,  is  in  obtaining  a  uniform  condition  of  cleanness.  Neces- 
sarily some  flocks  have  more  foreign  matter  in  their  fleeces  than  others; 
there  is  always  great  difference  in  the  amount  of  yolk  or  grease  which 
the  ordinary  washing  does  not  affect.  Facilities  for  washing  are  very 
poor  on  many  fanns  and  ranges,  and  different  methods  of  washing  are 
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very  unequal  in  their  results.  If  a  grower  is  not  inclined  to  be  exactly 
square  in  his  dealings,  or  if  his  perceptions  of  strict  honesty  are  a 
little  confused  by  the  unfairness  of  buyers  in  making  no  discrimination 
as  to  degrees  of  cleanness  in  buying,  he  may  slight  the  process  or 
drive  the  flock  through  muddy  water.  As  a  rule  the  grower  evidently 
intends  to  be  honest,  but  in  the  warfare  of  trade,  where  Greek  meets 
Greek  in  a  contest  for  self-presei-vation,  ethical  views  are  apt  to 
become  confused.  With  all  these  obstacles,  it  seems  to  be  impossible 
to  assure  any  great  degree  of  uniformity  in  the  cleansing  of  fleeces  by 
farm  washing.  Then  it  is  desirable  to  shear  early,  to  give  the  flock  a 
better  chance  for  comfort  and  growth  in  the  wannth  of  later  spring, 
and  also  to  obtain  an  opportunity  of  choice  of  time  in  selling,  prices 
often  being  better  in  the  early  spring;  but  very  early  shearing  involves 
a  risk  of  injury  from  exposure.  Altogether,  most  flock  raisers  prefer 
not  to  wash,  and  nearly  all  dealers  unite  in  a  preference  for  unwashed 
wools.  They  find  so  much  unevenness  that,  in  buying  washed  wool, 
they  usually  make  some  deduction  from  established  washed  i"ates,  and 
in  some  cases  pay  little  more  than  for  unwashed.  It  is  said  that  much 
of  the  country  washing  is  a  positive  disadvantage  in  scouring  the  wool. 
Therefore  the  practice  of  washing  is  declining;  in  many  districts  it 
has  been  almost  abandoned.  The  practice  is  in  vogue  in  Michigan  only 
to  a  limited  extent,  9,696,446  pounds  being  unwashed  of  12,025,802 
pounds  purchased  by  dealers  last  year,  as  reported  by  Prof.  Herbert 
W.  Mumford,  in  Bulletin  No.  178  of  the  Michigan  State  Agricultui'al 
College,  a  very  thorough  inquiry  into  the  reasons  why  Michigan 
wools  sell  at  a  lower  price  than  those  of  Ohio  and  Pennsylvania. 

In  some  parts  of  the  country  where  climatic  causes  interfere  to  pre 
vent  evenness  of  fiber,  as  in  Texas,  New  Mexico,  Arizona,  and  south- 
ern California,  the  pi*actice  of  shearing  twice  annually  is  adopted,  the 
winter  fleece  being  stronger  and  of  greater  value  than  the  brash  fiber 
grown  in  summer.  It  is  a  saving  of  wool  and  a  great  saving  in  annual 
proceeds  of  flocks.  The  summer  and  winter  growth  do  not  work  well 
together,  reducing  both  qualities  to  a  low  level. 

The  use  of  sheep-shearing  machines  is  increasing.  They  shear 
closer,  secure  more  wool  than  hand  shearing,  leave  the  fleece  in  evener 
condition,  and  are  not  so  liable  to  cut  the  skin  of  the  sheep.  Yet 
their  use  is  confined  mainlv  to  larsre  flocks  ])evond  the  Missouri  River. 
Small  flocks  do  not  warrant  the  expense  of  these  machines  and  the 
trouble  of  keeping  their  knives  in  order,  which  are  returned  to  the 
factory  to  be  sharpened. 

Unquestionably  it  will  be  in  the  interest  of  the  grower  to  reform 
the  awkward  and  unseemly  methods  of  tying  up  for  market,  avoiding 
unseemly  packages,  the  use  of  heavy  twine  of  unnecessary  quantity, 
and  the  inclusion  of  tiigs  and  other  rubbish.  These  defects  are  so 
easily  seen  and  so  repulsive  in  the  sight  of  the  buyer  that  they  must 
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influence  his  oflfer.  There  is  great  objection  to  using  hemp  twine, 
which  injures  the  fabric  with  which  it  is  mixed,  and  anyone  who  has 
attempted  to  free  a  fleece  of  the  interminable  tangle  of  much  of  the 
elaborate  tying  in  vogue  will  acknowledge  the  task  a  practical  impos- 
sibility. A  small  linen  twine  is  recommended,  and  as  it  costs  nearly 
as  much  per  pound  as  the  wool,  there  is  no  inducement  to  use  a  large 
quantity,  and  little  will  be  required,  once  around  the  fleece  each  way 
being  ample  for  a  light  fleece,  and  twice  for  a  heavy  merino  fleece. 

Neatness  and  honesty  in  putting  up  all  products  for  market  are 
yearly  becoming  more  important  in  wool,  cotton,  fruits,  everything. 
In  the  long  run  they  will  materially  increase  the  profit  of  the  produc- 
tion. It  will  not  pay  to  sacrifice  the  profit  of  production  by  awkward 
and  distasteful  packing.  There  are  millions  of  dollars  in  this  practical 
idea. 

An  avoidance  of  these  knottv  and  troublcnsome  t^uses  of  difference 
l)etween  seller  and  Imyer  may  1k>  securt^d  by  making  general  the  scour- 
ing of  wool.  Now  that  prices  are  fixed  as  nearly  as  {X)asible  on  a 
scoured  ])asis,  the  advantage  to  the  grower  is  all  the  gi"eater.  There 
are  many  of  these  scouring-niill  plants,  even  as  far  west  as  New  Mexico, 
and  one  heavy  flock  miust^n*  says  he  saved  ^l,()r)S  on  his  clip  by  scouring. 
The  saving  of  the  freight  on  the  grease  and  dirt  is  alone  a  large  item. 

THE   COirUSK   OF   PRICKS. 

The  wool  prices  in  the  talJe  following  are  for  fine,  medium,  and 
coarse  w<x)ls  during  a  i)eriod  of  seventy  years.  They  show  frequent 
and  sometimes  sharp  fluctuations,  due  to  the  influence  of  relative  sup- 
ply and  demand,  speculative  o[xmitions  in  home  and  foreign  markets, 
tariff  changes,  and  other  causes.  Influences  affecting  prices  are  alwa^'s 
operative,  and  analysis  of  their  pro|K>rtionate  effect  would  require  a 
volume.  All  that  is  deemed  necessary  here  is  to  show  what  marked 
and  more  or  less  permanent  changes  in  value  have  occurred. 

One  noticea])le  point  is  the  cheapening  of  wool  during  the  centurj". 
Near  its  beginning,  in  the  jHM'iod  of  war  with  Great  Britain,  the 
extreme  quotation  for  the  finest  wool  reached  5^2.50  por  pound,  but 
even  then  the  lower  gmdes  were  only  a  third  as  nmch.  In  1824,  when 
this  re(K)rd  commences,  tlie  mnge  of  values  by  grades  was  from  08 
to  40  cents,  and  higher  values  were  reportcnl  in  1831,  1834,  and  1837, 
with  fluctuations  down  to  33  cents  for  fine  in  1849.  Latm*  the  require- 
ments of  the  civil  wiir  period  and  the  currency  inflation  made  quota- 
tions higher,  touching  ^1.02  for  fine  in  isr)5,  when  gold  premiums 
were  very  high.  In  18<).S,  the  time  of  sharp  reaction  in  everything 
relating  to  wool,  there  was  a  fall  to  48,  and  to  47  in  1871.  When  the 
fluriy  was  over,  in  1872,  fine  wool  was  up  to  70  cents  again.  Then 
followed  a  long  period  of  growth  in  the  industries  of  woolgrowing 
and  manufac^turc  in  this  and  all  other  woolgrowing  countries.  A 
gmdual  decline  in  the  price  of  fine  wool  followed  year  hy  year,  till 
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the  price  of  34  cents  was  reac*hed  in  that  ever-to-be-remembered  year 
of  culminating  depression  in  prices,  1879,  reacting  to  50  cents  in  the 
following  year,  to  decline  gi-adually  to  29  cents  in  1893. 

But  this  decline  in  fine  wool  does  not  give  an  accurate  view  of  the 
fall  in  wool  prices  in  the  course  of  sevent}"  yeai*s.  While  more  than 
half  was  taken  from  the  value  of  fine  wool,  medium  fell  from  53  to  33 
cents,  and  coai*se  only  from  40  to  29.  It  will  l)e  observed  that  these 
two  grades  in  the  beginning  were  QS  and  40,  at  the  end  29  and  29. 
Fashion  in  fabrics  ran  to  coarse  weaves,  to  worsteds  rather  than  to 
smooth  cloths. 

A  reference  to  the  table  will  show  in  several  instances  veiy  marked 
fluctuations  in  price  between  January  and  July  of  the  same  year,  as  in 
1824,  fine  falling  from  68  to  55,  and  in  1831  rising  from  70  to  75,  and 
in  1836  again  from  65  to  70  cents.  In  coarse  wool  in  1893,  between 
January  and  July,  there  was  a  fall  from  29  to  25,  as  in  a  similiar  period 
in  1824  it  fell  from  40  to  30  cents,  and  in  1827  from  28  to  25  cents. 
At  sevei'al  dates  in  seventy  years  did  coarse  wool  touch  25  cents,  and 
in  1849  a  lower  figure,  23  cents.  It  can  not  be  said  that  the  record  of 
prices  of  coarse  wool  has  been  marked  by  any  serious  or  permanent 
decline. 

Wool  prices  of  seventy  yearsy  1824-189S. 
[Mauger  &,  Avery's  Rimual  wool  circular.] 


Year. 


1824 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844. 
1845, 
1846 
1847, 
1W8, 
1849, 
1860, 
1861. 
1862. 
1863 
18&I. 
1865. 
1866. 
1857. 
1868. 


January. 


CU. 
68 
60 
55 
36 
42 
54 
40 
70 
65 
55 
70 
63 
65 
72 
50 
56 
50 
52 
48 
35 
37 
47 
40 
45 
45 
33 
47 
46 
43 
58 
53 
40 
50 
58 
40 


CU. 
53 
43 
13 
32 
30 
45 
35 
60 
55 
41 
60 
50 
60 
63 
42 
48 
45 
45 
42 
SO 

:w 

40 
35 
10 
38 
30 
10 
40 
38 
56 
47 
35 
38 
50 
33 


July. 


Cts. 
40 
32 
38 
2M 
25 
35 
30 
48 
44 
S3 
48 
40 
45 
48 
35 
38 
3«  ' 
35 
35 
26 
26 
31 
SO 
30 
30 
23  I 
3:3  ' 
33 
31 
50 
42 
32 
35 
42 
27 


0) 


I  .  i 
9 


CtB. 

55 

50 

37 

37 

48 

46 

60 

75 

50 

61 

60 

63 

70 

52 

46 

57 

45 

50 

43 

35 

45 

40 

38 

46 

38  i 

40  ! 

45 

47 

45 

60 

45 

50 

55 

56 

43 


Ct».   i 

40  i 

41  ! 

30  ; 

31  I 

38 

36 

50 

66 

42 

54 

50 

56 

60 

52 

36 

48 

39 

44 

37 

30 

37 

36 

32 

40 

32 

35 

37 

42 

38 

53 

37 

40 

42 

50 

37 


t 


Cts. 
30 
32 
26 
'25 
33 
32 
40 
50 
80 
40 
40 
42 
50 
86 
80 
40 
33 

30 
26 
32 
30 
27 
31 
28 
28 
30 
37 

:« 

48 
30 
33 

:i6 

40 


Year. 


1869 
1860 
1861 
1862 
1863 
1864 
1866 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
18S1 
1KS5 
18.S6 
1887 
1888 
1889 
1890 
1891 
1892 
1893 


January. 


6 

a 


cu. 

60 
60 
45 
48 
75 
80 
1.02 
70 
68 
48 
50 
48 
47 
70 
70 
68 
55 
48 
46 
44 

60 
47 
44 
40 
40 
84 
36 
33 
31 
84 
83 
83 
80 
29 


o 
o 


cts. 

! 
Cte. 

62 

46 

50 

42 

40 

37 

50 

60 

68 

70 

78 

76 

1.00 

96 

65 

50 

63 

60 

43 

38 

50 

48 

46 

44 

46 

43 

72 

66 

68 

65 

54 

47 

66 

47 

52 

42 

43 

36 

46 

38 

35 

32 

56 

48 

49 

43 

46 

47 

43 

83 

40 

84 

38 

29 

86 

82 

38 

84 

35 

33 

38 

33 

37 

29 

87 

81 

85 

31 

33 

29 

July. 

Fine. 

CU. 

Cis. 

66 

40 

66 

50 

38 

30 

48 

47 

75 

70 

1.00 

1.00 

75 

73 

70 

67 

55 

49 

46 

45 

48 

48 

46 

45 

62 

60 

72 

70 

50 

48 

63 

63 

52 

49 

88 

35 

50 

44 

86 

36 

37 

38 

4& 

48 

42 

44 

42 

45 

39 

41 

35 

34 

82 

31 

33 

83 

34 

87 

29 

S3 

35 

89 

33 

37 

81 

&5 

28 

84 

21 

26 

CU. 
35 
40 
22 
45 
65 
90 
65 
60 
45 
43 
47 
43 
55 
66 
44 
46 
46 
31 
37 
32 
»4 
42 
36 
34 
33 
30 
28 
29 
84 
«1 
32 
-  29 
29 
30 
25 


40 
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Philadelphia  wool  prUxSj  1886-189^. 
[Circular  of  (kwlCH  Brotbens.] 


Kinds  of  Wool. 


OHIO,  PENNSYLVANIA,  AND  WEST 
VIBOINIA  WASHED. 


XX  and  above. 


Medium 

Quarter  blood 

Common  and  cotted. 


MEW  YORK,  MICHIGAN,  AND  INDIANA 
WASHED. 

XX 

X 


Medium 

Quarter  blood 

Common  and  cotted 


1885.       1886. 


COMBING   AND  DELAINE    FLEECE. 


Washed  fine  delaine 

Washed  medium 

Washed  low 

Washed  coarse 

Unwashed,  medium 

Unwashed,  low  and  coarse 


LIOHT   AND  BRIGHT,  UNWASHED. 


Fine 

Medium 

Low  mediujn 
Coarse 


DARK   COLORED,   UNWASHED. 


Idghtfine 

Heavy  fine. . . 

Medium 

Fine  medium 
Coarse 


OenU. 
32-35 
80-31 
80-31 
28-29 
22-25 


2&-29 
27-28 
80-30 
27-28 
22-23 


33-35 
82-35 
30-31 
27-29 
24-26 
21-24 


20-21 
22-24 
20-22 
1&-17 


17-20 


COLORADO,  UNWASHED. 


Medium  and  fine,  choice 

Medium  and  fine,  heavy 

Common  and  quarter  blood 
Coarse,  carpet 


NEW  MEXICAN,   UNWASHED. 


Choice  improved 

Partly  improved 

Coarse,  carpet,  light . . 
Coarse,  carpet,  heavy. 
Black 


TEXAS,    UNWASHED. 


Fine,  12  months 

Medium.  12  month.s. 
Coarse,  12  months. . . 


MONTANA,   UNWASHED. 


Fine  bright 

Medium  bright 

CcMTse  bright 

Dark  colored,  heavy 


UTAH  AND  WYOMING,    UNWASHED. 


Lightflne 

Heavy  fine 

Fine  medium 

Selected  medium 
IjOW 


1^20 
16-18 
16-16 


17-20 
17-18 
16-17 
15-16 


16-20 
15-16 
14-15 
13-14 
12-13 


1&-22 
20-25 
14-15 


20-22 
20-22 
16-18 
16-18 


18-19 
16-17 
17-18 
19-20 
1^16 


OenU. 
34-35 
31-33 
34-35 
83-84 
27-30 


31-83 
90-31 
33-35 
32-33 
27-29 


33-85 
35-86 
84-86 
82-34 
27-28 
25-27 


21-22 
27-28 
25-26 
20-22 


19-21 


22-26 
22-23 
17-19 


28-26 
21-23 
20-21 
17-18 


22-25 
19-21 
17-18 
15-17 
1.V16 


OenU. 
84-36 
32-34 
38-40 
3»-39 
80^ 


31-33 
30-82 
37-iO 
37-39 
30-35 


36-38 
88-40 
37-39 
35-37 
32-35 
80-32 


22-25 
30-34 
28-30 
22-25 


19-22 
10-22 
25-28 


20-28 
24-27 
20-23 
18-20 


20-22 
18-20 
21-23 


lono.    I      lno9a 


22-24 


23-26 
21-2:^ 
16-18 
15-16 
15-16 


21-24  20-23 
25-27  '  25-28 
17-18       18-20 


21-23 
2<i-28 
20-'23 
18--20 


20-23 
18-20 
22-24 


OenU. 

OenU 

29-31 

34-37 

28-29 

3a-34 

32-85 

8H-40 

31-34 

87-38 

28-30 

30-33 

27-29 

32-d4 

25-27 

31-32 

31-34 

37-39 

30-33 

86-37 

2&-80 

30-a8 

31-33 
34-36 
32-35 
80^ 
25-28 
28-25 


17-20 
24-27 
23-25 
20-28 


15-17 
12-14 
16-20 
15-17 
15-16 


25-28 

20-23 

22-24 

18-20 

20--22 

16-18 

17-18 

14-16 

OenU. 
33-85 
31-33 
37-39 
36-87 
28-30 


i  30-32 
29-30 
36-38 
35-36 
28-30 


23-25 
2»-32 
28-29 
22-25 


20-22 
16-19 
23-26 
20-23 

18-22 


24-27 
18-22 
19-22 
17-18 


10-22 

24-'26 

16-18 

2l-Z\ 

14-16 

17-18 

i:j-14 

15-17 

12-15 

16-18 

24-26  ,    26-28 
17-19  I     22-24 


16-18 

20-24 

18-24 

24-28 

14-15 

18-22 

16-18 

20-24 

18-22 

24-28 

Ui-18 

20-22 

14-16 

17-22 

14-16 

19-22 

12-14 

16-19 

15-17 

20-24 

lH-22 

24-27 

16-18 

20-'22 

1891. 


20-23 
27-30 
25-27 
20-23 


17-20 
14-16 
22-24 

18-22 
16-18 


22-25 
16-20 
18-20 
16-17 


22-24 
19-21 
16-17 
14-16 
15-17 


20-22 
24-26 
18-20 


20-22 
24-26 
18-20 
16-20 


18-20 
14-16 
18-21 
21-24 
19-21 


1892. 


OmU. 

31-33  ; 

29-31 
36-37  ' 
34-35 
28-31 


29-30 
27-29 
35-36 
3a-35 
28-30 


36-38 

35-87 

34-36 

38-41 

38^1 

38-39 

37-38 

86-38 

aV37 

83-36 

32-33 

32-35 

90-33 

30-32 

30-31 

27-29 

25-27 

25-27 

19-21 
26-29 
24--26 
l«^-22 


16-18 
14-16 
20-±i 
17-19 
18-20 


22-24 
15-18 
l*-20 
16-17 


20-22 
18-20 
16-17 
14-16 
14-16 


20-22 
28-24  . 
17-19 


17-21 
21-24 
18-21) 
16-20 


17-20 
14-16 
IH-21 
22-24 
18-21 


(enU. 
28-30 
27-28 
83-35 
:i3-34 
28-31 


27-28 
25-27 
33-34 
32-83 
'28-80 


31-^ 
35-37 
34-35 
30-33 
26-28 
26-27 


18-ao 

25-27 
24-26 

18-22 


16-18 
14-15 
19-22 
16-18 
17-20 


21-23 
15-17 
17-19 
16-17 


21-22 
17-19 
15-16 
13-15 
12-15 


18-20 
20-24 
17-19 


17-20 
20-24 
17-20 
15-18 


17-20 
14-16 
18-20 
22-24 
lS-20 
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Philadelphia  wool  prices^  1885-1892 — Continued. 

[Circular  of  CoateH  Brothers.] 


KindH  of  wool. 

1893. 

1894. 

1895. 

CeuU. 
17-19 
16-17 
19-20 
21-22 
18-19 

16-17 
15-16 
18-20 
20-22 
17-18 

18-20 
20-22 
22-25 
19-20 
16-18 
17-19 
16-17 

11-13 
15-17 
16-18 
15-lb 

9-10 

6-  8 

12-13 

10-12 

11-12 

11-13 

8-10 

10-12 

10-11 

12-13 

11-12 

9-10 

8-  9 

8-10 

10-12 
12-14 
10-12 

9-11 
11-14 
11-13 

8-10 

9-10 

8-  9 

10-12 

12-14 

10-12 

1896. 

17-19 
16-17 
18-19 
18-19 
17-18 

16-17 
15-16 
17-19 
17-19 
16-18 

18-20 
19-20 
19-20 
18-19 
15-16 
15-16 
14-15 

10-12 
14-15 
14-15 
13-14 

8-10 

6-  8 
11-13 
10-12 
11-13 

11-13 

8-10 

11K12 

10-11 

11-13 
10-12 
10-11 

7-  9 
7-  9 

9-11 
11-12 
10-11 

8-10 

10-12 

9-10 

6-  .S 

8-10 

6-  h 

9-11 

11-13 

»J-10 

1897. 

Cents. 
21-23 
20-21 
22-2:} 
22-21} 
20-'22 

19-20 
18-19 
21-22 
21-22 
20-21 

22-23 
2;}-24 
23-24 
22-2:} 
18-19 
19-20 
liM9 

13-15 
17-18 
18-19 
17-18 

11-12 
10-11 
13-15 
13-14 
13-15 

12-15 

9-11 

12-15 

10-13 

13-15 
12-14 
11-13 
9-11 
10-12 

11-13 
13-15 
11-13 

11-13 

13-15 

12-14 

9-11 

11-12 
9-10 
12-1 1 
13-15 
12  13 

'    1898. 

1899. 

C\mt8. 
28-^«) 
26-28 
29-30 
^    2H-30 
25-27 

23-25 
22-2,3 
28-30 
28-2.) 
25-26 

30-32 
:}0-31 
29-30 
26-28 
23-24 
22-24 
20-21 

17-20 
2J-23 
21-23 
19-20 

14-16 
12-13 
17-19 
15-17 
15-16 

16-17 
12-13 
i:}-15 
12-13 

16-17 
14-15 
12-13 
10-12 
l-'-13 

13-15 
1;>-17 
14-15 

12-14 
17-18 
15-16 
11-13 

14-15 
12-13 
15-17 
17-18 
14-15 

1 

1900. 

OHIO,  PENNSYLVANIA,  AND  WEST 
VIRGINIA,  WASHED. 

XX  and  above. 

OntK 
25-26 
24-25 
27-28 
26-27 
24-25 

23-25 
22-2:^ 
27-27 
25-26 
24-25 

25-27 

28-30 
27-28 
25-26 
21-23 
20-21 
18-20 

15-18 
20-22 
19-20 
17-18 

13-15 
11-12 
lfr-18 
14-16 
14-17 

16-19 
12-14 
14-16 
13-14 

15-18 
14-15 
12-13 
11-12 
10-12 

15-17 
17-20 
13-15 

14-16 
17-20 
15-17 
12-14 

12-14 
10-12 
14-15 
16-18 
14-16 

20-21 
18-20 
20-22 
20-2:} 
18-19 

18-20 
16-18 
20-21 
20-22 
18-19 

20-22 
21-23 
22-23 
•20-21 
17-18 
17-19 
16-17 

10-13 
14-16 
15-17 
14-16 

8-10 

6-  8 

11-13 

10-12 

11-12 

11-13 

7-10 

12-13 

11-12 

12-13 

11-12 

10-12 

8-10 

9-10 

10-12 
11-13 
10-11 

8-10 
10-12 
10-12 

6-  8 

7-  9 

6-8 

H-10 

10-12 

10-12 

1 

Cents. 

28-30 
26-28 
28-;«) 
28-30 
24-25 

26-26 
23-25 
27-29 
27-29 
23-25 

29-30 

29-:jo 

28-;}0 
25-27 
22-23 
22-23 
20-21 

18-20 
21-23 
21-22 
19-20 

14-15 
12-13 
17-18 
14-16 
14-15 

15-16 
12-13 
14-15 
12-13 

15-16 
1 1-16 
12-13 
10-12 
12-13 

12-13 
14-15 
13-14 

12-13 
15-16 
14-15 
11-13 

12-13 
10-11 
14-15 
16-17 
13-U 

C(^t8. 
2*<-30 

X 

27-28 

Medium 

30-32 

Quarter  blood 

30-32 

CommoD 

27-28 

NEW  YORK,  MICHIGAN,  AND  INDIANA, 
WASHED. 

XX 

24-25 

X 

23-24 

Medium 

30-31 

Quarter  blood 

;^o-3i 

Common 

27-28 

COMBI^^G  AND  DRLAINE  FLEECE. 

Washed  fine  delaine 

80-32 

Washed  medium 

81-88 

Washed  low 

31-33 

Washed  coarse 

28-:50 

Unwashed  medium 

24-25 

Unwashed  Quarter  blood 

24-25 

Unwashed  braid 

20-21 

UGHT  AND  BRIGHT,  UNWASHED. 

Fine 

17-19 

Medium 

23-24 

Quarter  blood. . . .  .* 

2*-24 

17-20 

DARK  COLORED,  VNWASHED. 

Lijrht  fine 

15-17 

Heavy  fine 

Medium 

20-22 

Fine  medium 

16-20 

Coarse 

16-18 

COLORADO,  UNWASHED. 

Medium  and  fine,  choice 

16-20 

12-11 

Common i 

15-1 6 

Coars<\  caroet 

14-16 

Choice  Imoroved.  lieht 

16-19 

Partly  imoroved.  liirht 

15-17 

Coarse,  caroet.  li&rht 

14-15 

Coarse,  caroet.  heavy 

12-14 

Blaclc 

13-15 

TEXAS,  UNWASHED. 

Fine.  12  m<mths 

15-17 

Medium.  12  months 

15-20 

(i'oarse,  12  months 

14-16 

MONTANA  AND  DAKOTA,  UNWASHED. 

Fine  briirh  t 

16-18 

Medium  bright 

18-20 

Coarse  bright 

16-18 

Daric  colored,  heavy 

14-16 

UTAH  AND  WYOMING,  UNWASHED. 

Light  fine 

16-17 

Heavy  fine 

14-15 

Fine  rnwlinTTi . . , , r .  . . .  . 

17-20 

Selwtcd  medium 

20-21 

I»\v 

16-18 
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The  decline  in  the  wholesale  price  of  Texas  medium  from  24-26  ia 
1890  to  11-12  in  1896  was  a  discouraging  fall,  but  the  drop  in  farm 
prices  of  this  highest  quality  of  Texas  wool  from  23  to  9  cents  w.as 
ruinous.  The  farm  prices  of  the  lowest  grades,  not  given  in  this  table, 
were  scarcely  half  as  much. 

The  Montana  wools,  at  the  lowest  point,  ain  quoted  in  the  lower 
grades  at  6-8  cents,  and  the  new  Mexican  at  7-9.  These  figures  meant 
4  to  5  cents  to  the  growers. 

In  these  quotations  Ohio  medium  is  recorded  at  38-40  cents  in  1887 
and  1889,  with  somewhat  lower  prices  in  other  years,  feeling  the  com- 
petition with  Australian  skirted  wools  after  1890,  and  quoted  in  1892 
at  33-36.  Then,  owing,  doubtless,  to  the  expectation  of  five  wool,  the 
price  fell  to  27-28  in  1893,  20-22  in  1894,  19-20  in  1895,  and  18-19  in 
1896.  In  1897  it  rose  to  22-23,  in  1898  to  28-30,  in  1899  to  29-30, 
reaching  the  highest  point  of  recoveiy  in  January,  1900 — 35-3S  cents. 
It  required  three  years  to  clear  away  the  accumulation  of  foi-eign 
wool. 

Prices  recently  have  been  temporarily  depressed  by  the  slow  sales 
and  low  prices  in  London,  in  consequence  of  accumulations  of  stocks 
drawn  from  all  pai'ts  of  the  world  by  the  high  prices  of  last  autumn 
and  winter.  There  is  great  activity  in  manufacture  in  all  manufactur- 
ing countries,  and  while  the  production  of  wool  is  increasing,  there  is 
an  admitted  scarcity  of  fine  wools,  which  must  tell  favoi'ably  on  future 
prices. 

PERIODS  OF  DECLINE   AND   BEVIVAL. 

Sheep  husbandrj'  is  an  industry  peculiarly  sensitive  to  influences 
either  adverse  or  favorable.  Early  in  the  present  centuiy,  when 
importations  of  the  Spanish  Merino  elicited  general  intei'e.st,  and  in 
the  period  of  the  war  of  1812,  when  clothing  supplies  were  dependent 
on  domestic  manufactures,  speculation  was  rife  and  prices  were  high, 
record  being  made  up  to  $1,000  for  a  single  individual  for  bi'eeding 
purposes.  Woolgrowing  became  a  ci'aze  in  New  York,  Mii.s»sjichusetts, 
and  Vermont,  and  excited  much  attention  in  other  States  as  far  south 
as  Maryland  and  Virginia. 

The  manufactures  of  those  days  were  mostly  domestic  or  household 
products.  England  furnished  nearly  all  of  the  supplies  that  were  not 
homespun.  At  the  beginning  of  the  war  of  1S12  duties  were  nec<*s- 
sarily  i-aised.  The  effect  was  a  prompt  and  potent  stimulus  to  homo 
maiuiftu'tures.  But  in  1816,  after  the  war,  duties  wei-e  reduced  with- 
out foreseeing  the  disjistrous  results  which  followed.  The  market  was 
soon  overburdened  with  foreign  goods,  prices  fell  heavily,  and  the 
manufacture  of  wool  nearly  ceased.  It  was  at  this  time  that  Lord 
Bi-ougham  is  repoiled  as  saying  that  '*'  it  is  well  worth  while  to  incur 
a  loss  upon  the  first  impoiiations,  in  order  by  the  glut  to  stifle  in  the 
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cradle  those  rising  manufactures  in  the  United  States  which  the  war 
has  forced  into  existence  contrary  to  the  natural  course  of  things." 

For  eight  years  there  was  little  progress  in  manufacture  and  small 
encouragement  to  woolgrowing.  Sheep  were  few  and  neglected. 
Business  was  paralyzed,  distress  general  and  severe.  Under  the  tariff 
of  1816  not  only  was  wool  manufacture  stranded,  but  earthenware 
making  disappeared,  glass  factories  were  blown  out,  and  iron  manu- 
facture diminished  yearly.  Losses  greater  than  those  of  the  war  were 
impoverishing  the  country.  Henry  Clay  referred  to  this  period  as  the 
time  of  the  most  widespread  dismay  and  desolation  since  the  adoption 
of  the  Constitution. 

After  the  tariff  of  1824  woolgrowing  and  its  manufacture  revived, 
sheep  increased,  and  in  1830  a  promising  start  had  been  made  and  the 
value  of  manufactured  goods  was  $14,528,166.  During  this  decade 
only  8,000,000  pounds  of  foreign,  added  to  the  domestic,  wool  was 
manufactured  annually.  The  wool  manufacture  continued  to  increase 
until  1833,  the  woolgrowers  prospered,  and  the  gloom  and  distress  of 
the  former  period  were  followed  by  industrial  activity  and  great 
prosperity. 

Then  came  another  period  of  discouragement  to  woolgrowers.  The 
compromise  act  of  1833  provided  for  a  gradual  reduction  of  duties 
till  1842,  to  be  succeeded  by  a  uniform  duty  of  20  per  cent.  In  four 
years  of  decline,  intensified  each  year,  wool  manufacture  was  again 
prostrated,  and  with  it  the  industries  of  the  countiy,  in  a  financial 
panic  the  severest  in  some  respects  ever  known  in  the  history  of  the 
country. 

When  1842  came  in,  instead  of  the  proposed  moderate  revenue 
duty,  a  protective  enactment  insured  a  new  era  of  prosperity  to  both 
branches  of  the  wool  interest,  to  be  again  prostrated  by  a  reduction  in 
1846,  which  caused  the  closing  of  many  factories  within  the  next 
two  years  and  further  discouragement  to  woolgrowing.  In  the  yeare 
following,  a  period  of  stirring  events,  the  finding  of  gold  in  California, 
the  great  development  of  gold  and  silver  mining,  the  Crimean  war, 
the  growing  demand  for  cotton  throughout  the  world,  were  boom 
elements,  causing  activity  and  growth  in  many  lines;  yet  wool  manu- 
facture languished,  growing  feebly  with  the  demands  of  a  rapidly 
increasing  population,  till  the  enactment  of  the  Morrill  tariff  in  1861 
and  the  ci'a  of  enormous  war  demand,  which  in  four  years  doubled 
the  manufacture,  increasing  the  wool  consumption  in  factories  from 
80,000,000  to  160,000,000  pounds.  Partial  mill  returns  in  1864  made 
a  total  of  120,000,000  pounds,  and  further  investigation  gave  a  rea- 
sonable assurance  of  40,000,000  more.  For  the  four  years  there  is 
a  statistictil  showing  of  the  Department  of  Agriculture  of  an  average 
wool  supply  of  145,000,000  pounds  per  annum. 

In  eight  years  the  numlxn*  of  sheep  was  almost  and  the  amount  of 
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wool  fully  doubled.     This  showed  the  marvelous  possibilities  of  Amer- 
ican woolgrowing  under  favomble  circumstances. 

It  was  a  very  remarkable  exhibit  of  these  possibilities  that  under 
the  unusual  exigencies  of  that  period  creating  an  extraordinary  demand 
for  woolens,  which  was  greatly  increased  by  the  wastes  of  war,  these 
demands  were  met  by  home  manufacture  with  a  smaller  importation 
per  capita  than  in  the  preceding  decade  of  low  prices  and  universal 
pinico.  Wool  imports  increased  from  31,638,000  pounds  in  1861  to 
67,917,031  in  1865.  The  average  price  advanced  from  13.7  cents  in 
the  former  year  to  17.6  in  1865,  but  fell  in  1867  to  13.8,  causing  a 
marked  increase  in  quantity  im|X)rted.  Flocks  were  enlarged  as 
rapidly  as  possible,  but  the  increase  in  wool  waa  relatively  larger 
than  in  sheep,  resulting  from  the  use  of  heavy  wooled  Merino  sires  in 
the  flocks  of  Texas,  New  Mexico,  California,  and  the  Rocky  Mountain 
rancre  countiT. 

In  the  war  period  new  branches  of  textile  fabrication  were  intro- 
duced or  greatly  extended,  including  the  manufacture,  of  tine  worsted 
goods  for  ladies,  new  styles  of  fancy  cassimeres,  caqx^ts,  and  other 
textiles,  and  the  prices  of  some  were  actually  cheapened  b}'-  the 
home  comixitition  with  what  had  been  a  foreign  monopoly.  Greater 
progress  was  made  in  respect  to  quality  and  variety  of  goods  than  for 
twenty  years  prior  to  1860. 

This  period  w^as  one  of  remarkable  development  of  woolgrowing 
and  wool  manufacture  throughout  the  world.  It  was  not  alone  the 
demand  for  goods  caused  by  the  civil  war  in  this  country,  but  the 
arrest  of  cotton  growing  and  the  blockade  which  hindered  the  ship* 
ment  of  the  little  that  was  grown,  which  caused  a  dearth  of  cotton, 
that  alarmed  the  commercial  world  and  stimulated  the  production  of 
woolen  goods  to  tjike  the  place  of  cotton.  The  increase  in  the  average 
price  of  wool  imports,  28  jx^r  cent  in  five  years,  indicates  the  sudden 
enlargement  of  woolen  manufacture  throughout  the  world.  The 
exports  of  British  manufactures  of  wool  increased  in  these  five  years 
from  £14,4-14,774  to  £2;"), 251,889,  a  total  greater  than  that  of  the 
exports  twenty  years  later.  The  wool  imports  of  Great  Britiiin  nearly 
dou})l(Hl  ill  the  same  time.  The  industry  in  France,  (Jermany,  and 
other  countries  was  similarly  stimulated,  and  prices  of  the  raw  mate- 
rial and  of  the  goods  were  similarly  advanced. 

After  the  (^lose  of  the  war,  lus  cotton  growing  began  to  assume 
importance  again,  the  boom  in  wool  showed  signs  of  decline.  The 
wool  supply,  which  had  ])een  so  greatly  enlarged  in  Australia,  South 
Africa,  South  Amei-ica,  and  North  America,  and  even  in  Europe,  was 
now  in  excess  of  the  dc^nand,  and  in  lH{\i}  the  average  price  of  our  wool 
i!nj)orts  was  reduced  to  the  level  of  1801.  Abroad  prices  were  falling 
in  tli(^  expectation  that  cottc^n  growing  would  promptly  occupy  its 
former  ix)sition;  in  this  country  they  were  further  reduced  by  the     . 
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decline  of  the  gold  premium.  Our  woolgrowers,  who  had  teen 
elated  by  the  unaccustomed  prosperity  of  the  recent  past,  began  to 
succumb  to  desj)ondency,  which  affected  first  the  flock  owners  east  of 
the  Missouri,  inducing  migration  to  the  great  ranges  and  a  free  move- 
ment to  city  markets.     This  discoumgemcnt  gradually  deepened  until 

1868,  when  panic  seized  the  woolgrowers,  and  the  slaughter  of  the  flocks, 
especially  the  culls  and  lower  grades,  for  the  pelts  and  tallow,  com- 
menced in  the  great  woolgrowing  centers  at  improvised  slaughtering 
and  rendering  establishments,  which  paid  75  cents  to  ^1.50  each.  The 
*'hams"  of  the  best  were  saved  and  salted  for  use  as  muttc:)n.  This 
destruction  was  more  geneml  in  Ohio  than  elsewhere.  In  the  princi- 
pal woolgrowing  counties  the  reductions  were  from  10,()()()  to  40,000; 
in  Michigan  and  other  States  slaughtering  was  also  active.  The  assess- 
ors' returns  in  Ohio  in  1868  showed  a  reduction  of  1,349,855,  and  in 
the  two  following  years  a  loss  of  1,969,786  more.  The  total  decrease 
in  Ohio  in  three  years,  from  7,622,495  to  4,809,904,  was  43  per  cent. 
The  total  reduction  in  the  United  States  in  1868  was  4,500,000,  accord- 
ing to  published  estimates  of  the  Department  of  Agriculture. 

The  Department's  review  of  the  condition  of  farm  animals  in  April, 

1869,  reflected  the  demoralization  which  had  befallen  the  industry.  It 
shows  the  great  injury  from  neglect  and  disease  which  invariably  results 
from  discouragement  at  such  a  time  of  panic,  as  follows:  ''The  wool 
business  has  been  compai'atively  unprofitable  of  late,  and  the  inevi- 
table result  is  neglect,  short  commons,  a  supply  of  moldy  hay,  and  the 
roughest  treatment,  in  too  many  instances  resulting  in  leanness,  weak- 
ness, and  insidious  approaches  of  disease.  Where  they  have  been 
suitably  cared  for  they  are  healthy,  and  as  Merinos  are  in  pres- 
ent disfavor,  disease  is  mainly  among  flocks  of  that  breed.  .  Were  it 
not  for  the  cutting  process  by  which  millions  of  the  poorest  have  been 
remorselessly  slaughtered  for  their  pelts  and  the  small  modicum  of 
fat  that  could  bo  drained  by  hydraulic  pressure  from  their  juiceless 
carcasses,  the  ravages  of  disease  would  have  proved  far  greater." 

One  of  the  "  last  straws"  that  burdened  the  markets  and  helped  to 
break  them  down  was  the  sale  by  Q.  M.  Gen.  M.  C.  IVIeigs,  in  the 
fiscal  years  1866  to  1871,  inclusive,  of  an  immense  surplus  of  military 
clothing.  It  included  2,218,917  overcoats,  802,419  blankets,  353,887 
pantaloons,  359,253  sack  coats,  427,729  jackets,  639,569  felt  and  other 
hats,  404,006  flannel  and  other  shirts,  104,903  yards  flannel,  152,951 
yards  kersey,  60,791  yards  dark  blue  cloth,  216,380  pairs  stockings? 
and  other  clothing  material.  There  were  overcoats  alone  enough  to 
supply  a  third  of  all  the  voters  in  the  country.  This,  in  addition  to  the 
glut  of  commercial  stocks  of  woolens,  could  not  fail  to  produce  a  very 
disastrous  result. 

The  estimates  of  sheep  and  wool,  as  stated  approximately  in  round 
numbers  in  response  to  a  resolution  of  the  United  States  Senate,  for 
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ten  years  couimencing  with  the  first  enunici-ation  after  the  commence- 
ment of  the  war,  with  the  fleece  wool,  not  including  the  pulled  wool 
from  sheep  slaughtered  which  was  considerable  in  the  later  years  of 
this  period,  are  as  follows: 

Eslimaied  number  of  slieep  and  jfrwlncl  ofvotd  m  the  Vnited  Slitter,  18(y.i-1871. 


Year. 


1862 
1863 
1864 
1865 
1866 


Sheep. 


Wool. 


24,000,000 
28,000,000 
31,000.000 
85,000,000 
38,000.000 


67,000,000 

82,000,000 

95.000,000 

115,000,000 

135,000,000 


Year. 

Sheep. 

Wool. 

1867 

42,000,000 
41,500,000 
37,0(K).0(X> 
34,000.000 
32,000,000 

147.000  000 

l.SiW 

155.000.000 

IHfW 

143,000.000 

1870 

Ki5.000.OOC 

1871 

128,000,000 

These  figures  cover  the  fluctuations  of  periods  of  prosperity  and 
adversity  in  wool  production  which  afl^ccted  profoundly-  this  industry 
in  all  parts  of  the  world,  and  the  causes  had  their  origin  mainly  in 
conditions  prevailing  in  this  country. 

TARIFF  CHANGES  AND  THEIR  EFFECTS. 

It  was  during  this  period  of  depression,  before  its  culmination,  that 
the  tariff  of  1867  was  enacted.  The  question  has  been  asked,  why  it 
did  not  avert  the  disaster.  The  fact  is  that  it  was  too  late.  The  mivS- 
chief  had  been  already  done.  As  early  as  1805  the  imports  of  manu- 
factured wools,  more  than  double  the  requirements  of  demand,  began 
to  glut  the  markets.  Prices  were  falling  throughout  the  world.  But 
that  enactment  opened  a  new  era  of  prosperity  for  woolgrowing,  after 
the  glut  of  goods  had  been  absorbed,  in  which  flocks  increased  60  per 
cent  in  thirteen  years  and  the  wool  product  100  per  cent — the  number 
of  sheep,  50,626,026  in  1884,  being  larger  than  at  any  other  time  in 
the  history  of  American  woolgrowing. 

In  1883  there  was  a  slight  change  in  the  tariff,  and  in  j^ears  follow- 
ing revenue  decisions  liberal  to  importers,  which  tended  to  discour- 
agement of  woolgrowers  and  a  decrease  of  flocks,  reducing  the  num- 
bers in  five  years  about  eight  millions,  from  50,626,626  to  42,579,079. 
Values  were  highest  in  1883,  before  the  tariff  enactment,  $2.57,  and 
lowest  in  January,  1886,  but  not  increasing  materially  until  the  enact- 
ment of  the  McKinley  law.  The  decrease  in  numbers  was  16  per 
cent,  and  in  price  24  per  cent.  An  expectation  of  tariff  revision 
prevented  further  sacrifice  of  flocks. 

A  new  era  of  prosperity  commenced  in  1890.  In  four  j-ears  the 
number  of  sheep  increased  to  47,851,000,  or  11  per  cent,  from  1889, 
and  the  farm  value  advanced  in  January,  1893,  to  $2.66,  the  highest 
value  for  eighteen  years,  since  1875. 

In  1894  was  enacted  a  law  making  wool  absolutely  free,  as  well  as 
all  foiTus  of  shoddy  and  waste  materials  used  in  adulteration.     The 
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effect  was  inistantancous.  Prices  of  wool  and  of  sheep  deilined,  result- 
ing in  destruction  of  flocks  and  indifference  and  neglect  in  their  care. 

The  law  of  1897  followed,  restoring  customs  duties  on  wool.  The 
effect  of  this  acthas  been  to  restore  confidence  in  the  future  of  wool- 
growing  and  a  larger  degree  of  prosperity,  though  the  enormous 
accumulation  of  foreign  wool  has  retarded  manufacture  and  sale  until 
quite  recently.  For  two  years  the  mill  stocks  and  wool  markets  were 
weighted  down  with  foreign  wool.  Estimates  of  the  trade  authorities 
made  the  supply  in  January,  1900,  250,000,000  pounds  less  than  in  the 
preceding  January.  Consumption  has  been  unprecedented  and  manu- 
facture extremely  active. 

The  value  of  sheep  is  nearly  doubled.  The  Department  estimate  of 
average  value  in  January,  1895,  was  $1.58  per  head,  and  last  January, 
$2.93.  The  increase  in  the  price  of  wool  is  strikingly  indicated  by  a 
diagram  (fig.  1)  prepared  by  Justice,  Bateman  &  Co.,  showing  the 
LfOndon  value  of  American  wool,  with  American  prices  of  the  same 
grade,  and  London  value  of  similar  Australian  wool,  from  1892  to  1900, 
the  depression  of  the  free-trade  period,  and  the  subsequent  recovery 
under  present  law. 

It  appears  that  XX  Ohio,  which  was  worth  18  cents  in  London  in 
1897,  when  the  Dingley  bill  was  passed,  rose  to  23^  cents  in  the  United 
States,  though  our  markets  were  burdened  with  an  enormous  supply 
of  foreign  wool  bought  on  a  free-wool  basis;  and  the  next  year,  when 
a  relief  from  this  handicap  had  barely  commenced,  it  was  worth  29 
cents  here  and  19i  cents  in  London.  Since  then  there  has  been  a  great 
boom  in  foreign  wool,  which  sent  prices  up  temporarily,  and  in  1899 
XX  Ohio  ran  in  London  to  25^  cents  and  was  29i  cents  here;  but  the 
collapse  of  the  London  boom  has  brought  the  price  down  to  22i,  while 
it  is  here  31  cents,  or  5  per  cent  above  the  average  of  last  year.  The 
London  decline,  both  of  XX  Ohio  and  of  scoured  Botany  Tops,  is  12 
per  cent  below  the  average  of  last  year's  prices. 

The  diagram  shows  in  XX  Ohio  a  comparatively  slight  fluctuation 
in  London  between  1892  and  1897,  but  in  this  country  a  fearful  fall, 
29i  to  17i  cents,  where  it  remained  with  slight  change  for  three  fate- 
ful years,  at  the  bottom  of  a  depression  which  was  a  veritable  slough 
of  despond  to  the  American  woolgrower.  The  recovery  under  the 
present  law,  shown  in  a  line  almost  vertical,  is  as  sudden  as  the  fall 
was  precipitate. 

The  effect  of  the  law  of  1894  on  manufacturers  was  scarcely  less 
injurious  than  upon  woolgrowers.  They  were  not  subjected  to  free 
goods,  but  were  exposed  to  a  competition,  under  a  reduced  rate  of  duty, 
which  they  could  not  withstand,  flooding  the  country,  stopping  sales, 
first  exhausting  profits,  then  reducing  wages,  and  finally  shutting  down 
mills. 
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Most  of  the  manufacturers  knew  that  free  wool,  under  existing 

conditions,  would  prove  inimical  to  their  prosperity,  though  a  few 

desired  it.  One  of  those,  after  a  sad  experience  with  the  law  of  1894, 
says: 

We  as  well  as  others  thought  this  Wilson  bill  would  be  a  godsend  to  all  inter- 
ested in  the  woolen  line,  but  we  have  had  the  experience,  and  a  good  lesson  it  has 
been  to  us,  and  one  that  we  are  not  likely  to  forget  as  long  as  we  live. 

Those  who  favored  free  wool  and  woolens  have  claimed  that  manu- 
facturers, with  the  markets  of  the  world  in  which  to  select  their  mw 
material,  could  make  better  goods,  supply  the  country,  export  freely 
to  other  nations,  and  achieve  a  wonderful  prosperity.  Every  one  of 
these  claims  has  been  signally  disproved  by  the  experiences  of 
1894-1897. 

It  is  no  boast  to  say  that  there  are  no  stronger  or  more  serviceable 
wools  in  the  world  than  those  of  the  United  States.  They  are  wools 
of  a  temperate  climate  and  of  a  progressive  agriculture,  and  not  from 
flocks  of  the  torrid  zones,  neglected  in  breeding  and  care;  they  are 
from  sheep  bred  toward  the  most  approved  types  of  clothing  and 
combing  wools.  All  the  families  of  Merinos  and  all  the  improved 
English  mutton  breeds  are  represented.  No  European  country  has 
such  a  variety  of  wools  as  America,  and  none  a  superior  average  qual- 
ity. Excepting  Europe,  the  British  colonies,  and  the  Plata  River 
region,  all  other  countries  grow  wools  distinctly  and  greatly  inferior 
to  ours.  If  we  must  depend  on  the  Wools  of  foreign  countries  we 
must  be  subject  to  competitive  buying  by  England  and  other  countries, 
under  a  serious  handicap  of  trade  and  transportation  advantages;  must 
take  what  we  can  get;  and  a  large  portion  must  be  the  harsh  and  weak 
fiber  of  hot  climates  and  that  of  neglected  and  poorly  fed  flocks — kempy , 
burry,  and  dirt5^  Is  this  a  condition  for  securing  better  wool  or 
better  cloth? 

Australian  wools  are  popular,  but  their  Merino  blood  came  from 
Germany  and  America  (Vermont  and  New  York),  and  their  Lincoln- 
shire crosses  furnish  a  lustrous  article,  very  desirable  for  certain  fab- 
rics. The  climate,  with  its  torrid  seasons  of  drought  and  destruction, 
is  unfavorable  for  evenness  and  strength  of  fiber,  and  such  wools  are 
not  equal  in  integrity  and  durability  to  our  Merino. 

While  admitting  the  preference  of  fashion  in  certain  fabrics,  it  is 
undeniable  that  the  riddance  of  dirt  and  inferior  portions  of  the  fleece 
by  skirting,  and  the  smaller  shrinkage  resulting  in  part  from  this 
practice,  gives  most  of  the  superior  selling  price  of  this  wool  in  the 
markets.  It  is  true  that  the  manufacturer  naturally  likes  unlimited 
range  for  selection,  and  truer  still  that  price  advantage — cheapness— is 
a  factor  of  more  controlling  influence  than  any  other  in  the  selection 
and  blending  of  material  and  fabric  modification.  Under  the  exigency 
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of  scarcity  and  dearness,  even  a  carding  wool  has  been  made  a  comb- 
ing wool,  requiring  invention  and  adaptation  of  machinery  to  aid  in  the 
transposition,  so  that  now  a  considerable  portion  of  the  worsted  man- 
ufacture is  from  the  Merino  instead  of  the  mutton  breeds.  In  all  the 
kaleidoscopic  changes  of  style  and  admixture  of  material,  it  is  by  no 
means  fashion  that  is  the  only  or  main  consideration,  but  relative 

economv. 

The  law  of  1894,  instead  of  bettering  the  quality  of  the  supply  of 
woolens,  degi*aded  it  to  a  condition  never  before  existing,  precipita- 
ting an  era  of  shoddy.  Mr.  S.  N.  D.  North,  the  secretary  of  the  "Wool 
Manufacturei's'  Association,  testified  before  the  Ways  and  Ixleans 
Committee,  in  January,  1897: 

There  hem  been  more  shoddy  used  in  American  goods  in  the  year  just  pansed  than 
ever  before,  and  more  shoddy,  mungo,  and  miscellaneous  n»fuse  contained  in  the 
goods  imported  in  that  year  than  have  come  into  the  United  States  in  any  previous 
twenty-five  years. 

And  he  said  further,  that  nothing  could  be  more  certain,  if  condi- 
tions which  introduced  them  should  continue,  than  that  the  American 
manufacturer  must  meet  them  bv  the  use  of  similar  materials.  He 
showed  a  piece  of  cloth,  ingeniously  fa})ricuted  to  look  like  honest 
goods,  in  which  there  was  not  a  particle  of  new  wool,  but  which  was 
made  from  the  vilest  of  shoddy,  and  sold  at  a  profit  at  less  per  yard 
than  the  market  price  of  a  pound  of  clean  wool.  In  the  testimony 
of  one  of  the  dealers  in  '^  woolen  rags"  it  wius  admitted  that  some  of 
this  stuff  was  imported  in  a  ''condition  decidedly  offensive,  and  a 
great  menace  to  the  health  of  the  community.'' 

American  shoddy  from  tailors'  clippings  and  clean  mgs  is  a  decent 
article  compared  with  the  lowest  class  of  European  material,  known 
as  mungo,  which  comes  from  cloth  which  may  be  first  worn  by  a  fas- 
tidious gentleman,  who  sells  it  to  a  secondhand  dealer,  to  be  next  worn 
by  a  clerk  or  mechanic,  then  by  a  laborer,  a  tramp,  or  In^ggar,  in  its 
descent  to  the  gutter,  satui'ated  with  filth  and  germs  of  diseases  and 
half  rotten,  thence  to  be  resurrected,  washed,  treated  with  chemicals, 
and  run  through  disintegrating  machinery  to  appear  as  "mungo," 
soiling  at  less  than  a  cent  per  pound,  and  put  into  goods  selling  at  a 
shilling  per  j^ard,  and  offered  to  American  citizens  as  a  boon  to  the 
poor  man  and  a  blessing  to  the  clothing  })uyer  of  small  means. 

The  figures  of  the  United  States  Treasury  record  of  imports  arc 
eloquent  in  portraying  the  inundation  of  foreign  shoddy  and  shoddy 
goods,  during  the  period  covered  by  the  law  of  181)4.  The  rags  and 
various  wastes  imported  under  the  two  laws  are  thus  compared: 


SHEEP   AND   WOOL. 


51 


A.inounl  and  ndue  *;/  innplen  ragHj  nhitddif^  munyOj  dr.,  iiuported  into  the  United  StateiKj 

189^^-1900,  by  three-year  periods. 


Year  eiidcnl  June  30 — 


Law  of  1890. 

Value. 


Amount. 


1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 


Average. 


Pounds. 
262, 992 
3;«,  370 
143,002 


«87,825 

106, 59(> 

47,522 


Ijiw  of  1894.  I  lAiW  of  1897. 

.\niount.   I      Value.        Amount.   I    Value. 


Pound*. 


14,06(),054 
18,761,109 
49,413,642 


Pounds. 


Sl,980,4tV4  I 
2.651.237  !, 
6,935,658  j, 


3,298,751 
314, 540 
435,854 


$697,622 
70,224 
86,887 


246,456 


80,647  27,650,268   3,855,786  |  1,849,715 


284,911 


The  law  of  1894  went  into  effect  August  1  of  that  year,  so  there 
"were  only  eleven  months  of  imports  of  the  fiscal  year  ended  June  80, 
1895;  and  as  the  law  of  1897  went  into  effect  as  to  shoddy  January  1, 
1898,  the  record  of  3,298,751  pounds  of  shoddy  included  nearly  six 
months'  importa  under  the  law  of  1894,  nearly  all  of  it. 

The  figures  of  the  Treasury  show  an  impoilationof  shoddy  of  about 
118,000,000  pounds  in  thirty  years,  nearh^  three-fourths  of  which,  or 
about  85,000,000  pounds,  was  received  in  this  period  of  a  little  more 
than  three  years.  Thus  an  annual  average  of  nearly  twenty  times  as 
much  waa  received  in  the  free-shoddy  period.  In  addition  to  the 
figures  given  above  those  of  the  two  preceding  decades  should  go  into 
this  record  to  facilitate  comparison.  As  manufacturers  reckon  1  pound 
of  cloth  equivalent  to  4  pounds  of  wool  in  the  grease,  and  1  pound  of 
shoddy  or  waste  (cleaned  with  very  small  loss  in  manufacture)  equiv- 
alent to  3  pounds  of  wool  in  the  grease,  it  will  be  seen  that  this 
85,000,000  pounds  of  shoddy  took  the  place  of  255,000,000  pounds  of 
domestic  wool,  or  nearly  one  year's  product. 

Amount  and  value  of  ivoolen  rags,  shoddy,  vmngo,  vaste,  and  flocks  imjxyrted  into  the 

United  States,  1871-1890. 


Year  ended  June  30— 


1871. 
18T2. 
1873. 
1874. 
1875. 
1876. 
1877- 
1878. 
1879. 
1880. 
1881. 


Amount. 

Value. 

Pound*. 

1,277,495 

$87,667 

2,719,246 

232,211 

1,989,123 

199,687 

1,78:J.677 

151,156 

1,387,731 

119, 109 

243.527 

45,322 

169,925 

83,2a5 

95.886 

19,071 

92,614 

22,12r 

1,388.23:J 

297,196  ! 

470.  S73 

138, 3(« 

1 

Year  ended  June  30 — 


1882 
1883 
1884 
1885 
1886 
1887 
1888 
18,S9 
1890 


Total. 


Amount. 


J^mnd*. 
1,097,641 

974,963 
1,316,083 

700,231 
3,059,214 
4,834,636 
4,48.3.325 
8,662,209 
4,980,327 


I 


Value. 


8358,886 

438, 750 

5(>4,69-l 

287,2m 

1,036,869 

1,M3,823 

1,719.154 

3, 447, 201 

2,052,078 


30,579,502       11,886,572 


The  theory  that  dear  wool  compelled  manufacturers  to  use  shoddy  and 
that  free  wool  would  obviate  its  use,  has  been  forever  destroyed  in  thig 
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deluge  of  material  foi-  cloth  adulteration.     It  was  a  Hurprise  to  the  theo- 
rists, but  it  is  thus  explained  in  the  bulletin  of  the  wool  manufactiii'ers: 

So  long  as  our  manufacturers  did  not  have  to  compete  with  foreign  shoddy-made 
goods  the  tendency  was  rather  away  from  its  increased  use,  for  every  man's  goods 
found  and  held  a  market  on  their  merits.  Those  who  used  shoddy  did  so  at  their 
own  risk,  and  their  goods  passed  for  what  they  were.  When  the  Wilson  tariff 
removed  the  barrier  against  the  importation  of  shoddy  and  sho(idy  goods  the  situa- 
tion changed  in  the  twinkling  of  an  eye.  More  shoddy  goods  are  made  in  Kngland 
than  in  all  the  rest  of  the  world  put  together.  They  have  learned  there,  by  long 
experience,  the  art  of  utilizing  to  the  best  advantage  every  kind  of  refuse  that  comes 
from  rags  and  wastes.  Let  it  have  but  two  ends,  they  will  find  a  way  to  spin  it. 
These  were  the  goods,  among  other  varieties,  which  began  to  pour  into  the  L'^nited 
States  when  the  bars  were  let  down.  These  were  the  goods  with  which  American 
mills  had  at  once  to  compete.  In  order  to  compete  it  was  necessary  to  use  the  same 
kind  of  materials  they  use  at  Batley  and  Dewsbury.  Cheap  as  wool  was,  it  was  not 
cheap  enough  to  compete  with  English  and  continental  rags.  Deterioration  in  qual- 
ity has  been  the  distinguishing  result,  both  as  to  imported  and  domestic  woolens,  of 
the  tariff  of  1894. 

There  was  no  material  change  under  the  law  of  1894  in  the  quantity 
of  carpets,  ready-made  clothing,  or  yarns  imported.  The  sophistica- 
tion and  adulteration  of  our  clothing  supplies  naturally  c^me  through 
cloths,  and  the  abnormal  increase  was  in  this  class  and  in  women's 
di'ess  goods.  The  following  is  a  statement  of  the  number  of  square 
yards  and  value  of  cloths  imported  in  three-year  periods  under  diflfer- 
ent  tariffs: 

Amount  and  value  of  woolen  clothe  imported^  1892-1900,  shomng  effect  of  tariff  law4t. 


Year  ended  June  30-* 


Law  of  1890. 


Law  of  1894, 


1«92 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 


AiQt)unt. 


Yard9. 

13,813,276 

18,206,001 

7,456,417 


Avenige 13,158,564 


Value. 


$12,765,044 

15,117,564 

6,256,321 


Amount. 


Value. 


Yard9. 


23,917,011  :n6,298,169 


36,781.572 
27, 859, 311 


21.886,528 
17,007,273 


Lav  of  1897. 


Amount. 


Yard». 


11,546,309 


5,062,261 
4,092,898 
5.154,674 


Value. 


•3,965,577 
3,909, 466 
5, 129, 831 


29, 519, 298     18, 397, 323 


4.769,944         4.334,968 


This  shows  that  the  average  annual  importation  of  13,158,564: 
pounds  was  increased  to  29,519,298  pounds,  an  increase  of  about  123 
per  cent.  This  is  not  all,  nor  the  worst.  It  shows  the  degi-adation 
of  quality;  that  a  large  part  of  those  goods  were  mixtures  of  the 
lowest  order  of  waste,  for  notwithstanding  the  consideitible  require- 
ment of  fine  cloths  for  the  higher  grades  of  fashionable  tailoring,  the 
mass  of  importation  for  the  wants  of  plain  people  was  of  so  low  a 
character  as  to  reduce  the  average  price  per  pound  for  good  and  bad 
cloths  from  about  88  cents  to  62  cents,  a  decrease  of  30  per  cent. 
These  arc  the  prices  abroad,  and  the}'  indicate  the  degeneration  of 
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quality  of  the  clothing  supply.  Added  to  this  flood  of  foreign  goods, 
the  enormous  quantities  of  "  wastes  ■'  above  mentioned  kept  the  shoddy 
mills  in  activity  day  and  night,  swelling  the  stocks  of  worthless  goods 
and  forcing  the  manufacturers  of  honest  cloths  into  retirement.  In 
the  last  three  fiscal  years,  not  only  have  imports  of  woolen  cloths  fallen 
to  one-third  of  the  amounts  imported  under  the  act  of  1890,  but  the 
increase  in  value  per  yard  shows  the  improved  quality  of  the  goods 
imported. 

The  dress  goods  of  women  were  greatly  increased  in  quantity,  but 
they  were  reported  in  pounds,  while  under  the  law  of  1890  quantities 
were  stated  in  square  yards,  so  that  comparison  of  quantities  can  not 
be  made,  but  the  annual  average  value  of  dress  goods  imports  was 
increased  from  $13,84H,250  to  $17,039,070,  a  large  increase,  but  not  at 
all  proportionate  to  that  of  cloths,  the  shoddy  element  not  being  so 
available  for  women's  dress  goods. 

The  total  value  of  imported  manufactures  of  wool  was  increased 
under  the  law  of  1894,  notwithstanding  the  lower  value  of  inferior 
cloths,  from  an  average  of  $31,017,922  per  annum  to  $47,065,760. 

These  facts  effectually  refute  the  prophecy  of  a  better  clothing 
supply  from  free  wool,  and  disclose  a  demoralization  of  manufactures 
and  deterioration  of  goods  such  as  never  were  known  in  the  previous 
history  of  the  country. 

The  prophecy  that  the  law  of  1894  would  result  in  a  full  domestic 
supply  of  American  manufacture,  and  an  export  trade  in  the  surplus, 
was  not  only  discredited  but  all  our  markets  were  glutted  with  foreign 
goods.  The  value  of  annual  exports  of  all  domestic  manufactures  of 
wool  never  rose  to  $1,000,000  until  1898,  under  the  Dingley  tariff. 
The  predicted  prosperity  of  the  woolen  manufacturing  industry  as  the 
result  of  the  tariff  revision  of  1894  failed  to  materialize,  and  instead 
an  era  of  discouragement  and  disaster  set  in  unparalleled  in  its  history. 
Secretarv  North  testified  of  it: 

During  a  great  part  of  this  period  the  bulk  of  the  woolen  an<l  worsted  machinery 
of  the  country  has  t)een  wholly  or  partially  idle;  much  of  the  remainder  has  made 
goods  that  have  either  been  marketed  at  a  loss  or  are  still  in  stock.  The  domestic 
market  for  woolen  goods  has  since  l)een  in  a  state  of  absolute  demoralization. 

He  also  declared  that  ''we  have  in  the  United  States  enough  woolen 
machiner}',  when  in  operation,  to  supply  all  the  goods  our  people  can 
consume." 

He  further  stated: 

The  removal  of  the  weight  duties  of  previous  tariffs  let  down  the  bars  to  the  impor- 
tation of  kinds  and  grades  of  cloth  hitlierto  practically  excluded  from  this  country, 
an  exclusion  greatly  to  the  advantage  of  our  own  people,  as  we  now  know.  The  ad 
valorem  basis  of  the  tariff  has  allowed  the  importation  of  the  lowest  and  meanest 
descriptions  of  gootls  made  in  the  world — the  peculiar  products  of  the  Batley  and 
Dewsbury  districts  in  England,  where  they  have  reduced  to  an  exact  science  the 
business  of  making  woolens  out  of  shoddy,  mungo,  wastes,  cows'  hair,  and  other 
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rubbish,  in  the  spinning  and  weaving  of  which  our  American  manufacturers  have 
not  yet  learned  the  rudiments^  although  it  is  clear  they  will  have  to  learn  them  if 
they  have  got  to  fight  these  goods  in  the  home  market.  Immense  quantities  of 
these  goods  have  been  thrust  upon  this  market  under  the  present  law.  They  are 
admirably  manufactured,  considering  the  material  employeii,  and  while  worthless 
for  wear  are  particularly  attractive  and  deceptive  in  finish  and  api>earance. 

There  never  was  a  more  total  failure  of  fulfillment  of  prophecy',  or 
a  more  complete  refutation  of  an  industrial  fallacy,  than  that  fur- 
nished by  American  experience  with  free  wool. 

As  a  result  of  the  act  of  1894,  instead  of  5(),0(X)  more  opei'atives, 
half  of  all  were  out  of  employment  in  1896,  with  a  great  and  disas- 
trous loss  of  wages.  The  demand  for  domestic  wool  was  reduced  as 
never  before,  and  prices  fell  more  than  half,  as  stacks  of  foi'eign 
wool  were  piled  up  in  importing  warehouses.  Wages,  instead  of 
increasing,  w-ere  not  merely  reduced,  but  cut  off  totally  for  the  multi- 
tudes unemployed,  to  whom  employment  at  half  pa}'  was  better  than 
starvation. 

The  losses  inflicted  upon  capital  and  labor  during  the  industrial 
depression  of  these  three  years  were  enormous.  Capital  lost  its  profit 
first,  and  afterwards  principal,  with  shrinkage  of  values,  inability  to 
sell  products,  and  deterioration  of  idle  machinery.  Labor  lost  wages, 
means  of  living,  comfort,  and  health.  It  is  not  easj'  to  calculate  the 
magnitude  of  these  losses  in  an  industry  which  by  the  census  of  1890 
had  attained  a  production  valued  at  over  $800,000,000  per  annum.  It 
not  only  affected  the  factory  population,  but  indirectly  every  industry 
of  the  country,  and  was  the  largest  factor  in  intensif^-ing  the  depres- 
sion which  reduced  all  values  of  real  and  personal  estate,  and,  with  few 
exceptions,  all  incomes  and  means  of  living.  In  the  full  measure  of 
their  extent  these  losses  were  incalculable  and  irrepai'able. 

The  total  losses  of  this  period  of  three  years  in  the  matter  of  wool 
and  its  manufacture  alone  were  probably  greater  than  those  of  the 
Spanish  war  and  Philippine  rebellion  of  the  last  two  years;  but  its 
consequences  were  more  far- ix^aching  '*in  destroying  confidence  and 
markets,"  as  stated  in  1896,  in  the  Bulletin  of  Wool  Manufacturers,  so 
that  "other  industries,  at  which  the  tariff  of  1894  struck  less  vin- 
dictively, have  suffered  and  are  suffering." 

THE    PRESENT   C^ONDITION   OF   8IIEEP   HUSBANDRY. 

The  flocks  of  the  United  States  do  not  aggregate  so  large  a  number 
of  sheep  as  in  1893,  or  in  1884,  but  they  are  increasing  mpidly,  and 
bid  fair  to  exceed  before  many  seasons  the  highest  former  figures. 
They  include  a  greater  variety  than  at  any  former  period.  If  manu- 
facturers desire  a  selection  from  all  the  wools  in  the  world,  they  can 
get  all  varieties  of  much  value  without  going  out  of  the  country. 
That  this  is  no  idle  boast  can  readily  be  proved  in  our  principal  wool 
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markets.  A  glance  at  the  registry  and  other  breed  associations  shown 
in  the  appendix  to  the  Yearbook  of  the  Department  of  Agriculture 
for  1899,  will  go  far  to  substantiate  the  same  fact.  There  are  the 
Standard  Merino  Registry  Association,  the  Vermont  Atwood  Club 
Registry,  the  United  States  Merino  Sheep  Breeding  Registry  Associa- 
tion, the  Dickinson  Merino  Sheep  Record  Company,  the  American 
Merino  Sheep  Registry,  and  the  American  Shropshire  Registry 
Association.  Then  there  are  the  Vermont  Merino  Sheep  Breeding 
Association,  the  New  York  State  American  Merino  Sheep  Breeders' 
Association,  the  Ohio  Spanish  Merino  Sheep  Breeders'  Association, 
the  Michigan  Merino  Breeders'  Association,  the  National  Improved 
Saxony  Merino  Sheep  Bi^eeders'  Association,  the  Black-Top  Spanish 
Merino  Sheep  Breeders'  Association,  the  Improved  Black-Top  Merino 
Sheep  Breeders'  Association,  the  Delaine  Merino  Sheep  Breeding 
Association,  the  Improved  Delaine  Merino  Sheep  Breeders' Association, 
the  Pennsylvania  and  Ohio  Improved  Delaine  Sheep  Breeders'  Asso- 
ciation, and  the  American  Ramboiiillet  Sheep  Breeders'  Association; 
of  the  long  wools,  the  American  Cotswold  Association,  the  American 
Leicester  Breeders'  Association,  the  American  Lincoln  Breeders' 
Association,  the  National  Lincoln  Sheep  Breeders'  Association,  and  the 
National  Cheviot  Sheep  Association;  of  the  middle  and  short  wools 
the  various  Downs,  the  Southdown  Association,  the  Oxford  Down 
Association,  the  Suffolk  Association,  the  Dorset  Horn  Sheep  Breeders' 
Association  of  America,  and  the  Continental  Dorset  Club.  And  there 
are  others,  including  an  association  of  breeders  of  the  fat-tailed  Tunis 
sheep. 

In  collecting  the  wool  exhibit  for  the  Paris  Exposition  of  1900,  the 
writer  was  impressed  with  the  wonderful  progress  that  has  been  made 
in  diversification  of  breeds  and  qualities  of  wool.  The  same  skillful 
and  patient  work  that  resulted  in  the  differentiation  of  the  old  Spanish 
Merino,  giving  the  world  the  French,  Saxon,  Silesian,  and  American 
Merinoes,  has  been  continued  with  the  latter  in  the  Delaine  and  Black- 
Top  families  (or  breeds),  with  heavier  bodies,  longer  fiber,  and  more 
valuable  fleece  for  the  finer  combing  fabrics  so  much  in  demand  for 
the  fashionable  tissues  for  ladies'  and  children's  wear.  The  Lincolns, 
that  have  played  so  important  a  part  in  the  recent  breeding  of  Aus- 
tralia and  South  America,  are  here  in  force  and  can  be  produced  in 
any  quantity  desired,  answering  the  demand  for  lustrous  combing 
wools. 

The  wool  exhibits  now  on  exhibition  at  Paris  include  samples  of 
nearly  all  breeds  and  grades  of  our  domestic  wool.  They  fill  twenty- 
one  sections,  each  covered  with  a  plate  glass  5  feet  in  height  by  3  in 
width.  Thirteen  of  these  show  whole  fleeces,  twelve  in  each,  from 
the  wool  dealers  in  the  two  great  markets,  Boston  and  Philadelphia, 
illustrating  the   various   qualities  and  commercial   classifications  of 
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American  wools.  Seven  section  cases  are  filled  with  samples  from 
breeders  of  nearly  all  the  breeds,  samples  of  eighty-four  fleeces  from 
the  farming  States,  the  mountain  ranges,  and  the  Pacific  coast.  More 
than  half  are  Merino,  but  the  several  Delaine  breeds  outnuml)er  the 
original  American  Merinos,  illustrating  the  present  popularity  and 
general  distribution  of  the  long-fiber  com])ing-wool  types,  of  which 
the  Standard  Delaines  are  the  most  numerous,  representing  breeding 
flocks  in  Ohio  and  Texas,  one  of  the  latter  a  fleece  from  a  2-3"ear-old, 
weighing  24i  pounds,  from  W.  S.  Ifeck,  of  Coleman,  Tex.  The 
National  Delaine  exhibits  are  from  Pennsylvania  and  Ohio,  the  fleeces 
being  quite  uniform  in  weight — from  15  to  17  pounds — one  fleece, 
from  Mr.  James  S.  McNary,  of  Canonsburg,  Pa.,  weighing  17  pounds. 
The  National  Dickinson  Delaines  are  from  Ohio  breeders,  the  extreme 
weight  of  fleece  being  16  pounds.  Pennsylvania  and  Ohio  also  furnish 
the  Black-Top  Delaines,  of  which  one  fleece  weighs  18  pounds,  from 
Mr.  M.  M.  Keener,  of  Plaingrove.,  Pa.  There  are  also  Delaines  from 
Missouri,  Iowa,  and  California.  The  American  Ramlwuillets,  with 
fleeces  up  to  16  pounds,  are  from  New  York,  Ohio,  and  Michigan. 
The  fine  Saxony  fleeces  are  from  the  veteran  l)reeder,  Mr.  John  G. 
Clarke,  of  Washington,  Pa.,  one  fleece  from  a  yearling  weighing  5^ 
pounds.  Another  Saxon  exhibit  is  from  Virginia.  The  larger  pro- 
portion of  Merino  fleeces  come  from  California,  others  from  Texa.s, 
Indiana,  Michigan,  Ohio,  and  New  York. 

Among  the  Downs  the  Shropshires  are  the  most  numerous,  coming 
from  breeders  in  Missouri,  Iowa,  South  Dakotti,  and  Oregon,  with 
fleeces  up  to  12  pounds.  Southdowns  are  from  Vermont,  Ohio,  and 
Illinois,  the  heaviest  fleece  10  pounds.  Oxfords  I'epresent  Ohio  and 
Illinois,  one  fleece  weighing  14  pounds.  Dorset  Horn  fleeces  come 
from  New  York,  New  Jersey,  Pennsylvania,  and  Ohio,  and  weigh 
from  7  to  14  pounds.  Lincolns,  very  popular  in  ninge  districts,  are 
unrepresented.  Other  exhibits  are  Cotswold  from  Oregon,  one  from 
the  Agricultural  College  weighing  19  j)ounds,  I^icester  and  Cheviot 
from  Indiana.  There  are  four  samples  of  the  North  Star  breed  from 
Minnesota,  evidently'  from  crossing  of  fine  and  long  wools,  weighing 
16  pounds  per  fleece.  As  a  curiosity  a  sample  of  very  long  fiber  from 
Alaska  is  included.  There  is  also  a  case  of  twenty-four  samples  of 
Angpnigoat  fleece,  mostly  selected  by  William  R.  Payne  &  Co.,  m'ooI 
dealers  of  New  York,  and  coming  from  W.  G.  Hughes  of  Hastings, 
Tex.,  John  S.  Harris  of  Oakley,  Idaho,  and  George  S.  Houk  of 
Oregon. 

These  exhibits  will  give  the  people  of  other  countries  an  idea  of  the 
great  variety  and  high  character  of  American  wools,  and  illustrate 
attainments  in  breeding  that  leave  little  necessity  for  importing  either 
sboep  or  wool.  There  are  very  few  of  the  breeds  of  the  world  worth 
importing  that  are  not  already  here,  and  l)eing  improved  rather  than 
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deteriorating.     Our  climates  and  grasses  furnish  sufficient  diversity 
and  variety  to  meet  all  requirements. 

From  Maine  to  Texas,  from  Alaska  to  Arizona,  are  found  (conditions 
of  temperature,  humidity,  and  pasturage,  compai^atively  free  from 
extremes  of  drought  such  as  have  destroj^ed  sheep  ])y  thousands  in 
Austi-alia  and  Argentina,  and  favomble  to  great  variety  and  high 
quality  of  American  wools. 

The  general  feeling  at  the  present  time  as  to  the  condition  and 
prospects  of  sheep  hus])andry  is  one  of  relative  content  and  satisfac- 
tion, and  of  confidence  and  hopefulness  for  the  future.  If  all  growers 
are  not  equally  suited  and  satisfied,  they  are  at  least  measuiubly  c'on- 
tent  with  the  situation.  The  one  thing  that  they  dread  is  a  violent 
change  of  conditions.  In  a  (country  that  is  continental  in  extent,  con- 
ditions can  not  be  equally  favoi*able  in  all  sections.  There  are  differ- 
ences in  climate,  some  districts  requiring  feed  and  shelter  all  winter; 
others  needing  neither  at  any  time,  except  in  scn'cre  storms  that  may 
or  may  not  occur  during  an  entire  winter.  Some  sections  have  limited 
pasturage,  required  impei-atively  for  other  kinds  of  stock;  others 
have  broad  pi*airies,  or  wide  stretches  of  free  range. 

Western  competition  has  borne  heavily  on  the  seaboard  States  in 
this  as  in  other  branc^hes  of  animal  industrv.  The  effect  has  been 
the  movement  of  live-stock  industries  westward  for  the  past  fifty 
years.  As  the  farm  dairy  of  the  Alleghanian  slope  has  existed  for 
the  supply  of  fresh  milk  to  dense  neighboring  populations,  so  have 
sheep  been  maintained  to  a  limited  extent  for  the  production  of  early 
lambs,  though  this  industiy  has  suffered  from  competition  sin(*e  the 
advent  of  refrigerator  cars. 

The  decline  of  flocks  has  been  steady  in  New  England  for  fifty 
years.  Not  only  has  every  decade  witnessed  a  diminution  in  numbers, 
as  a  whole,  but  in  every  State  the  progressive  decline  has  been  with- 
out a  break,  with  a  single  exception,  Maine  having  shown  an  increase 
in  1880,  and  a  very  slight  gain  in  1860,  although  there  were  nearly 
four  times  as  many  sheep  in  1850  as  in  1900.  Vermont  in  1850 
had  nearly  half  of  all  the  sheep  enumerated  in  the  New  England 
States,  and  while  her  American  Merinos  have  taken  European 
medals,  and  have  gone  to  Australia  and  South  America  in  exchange 
for  generous  sums  in  gold,  her  flocks  declined  from  1,014,122  in  1850 
to  752,201  in  1860,  and  580,347  in  1870,  in  an  era  of  popularity  in 
which  $5,000  was  offered  and  refused  for  a  single  sire.  This  means 
simply  that  while  there  was  profit  in  breeding  flocks  of  high  repute, 
the  larger  numbers  suffered  from  the  general  tendency  to  decline  of 
common  flocks.  There  is  a  feeling  now,  among  those  having  former 
experience,  that  there  may  be  profit  in  sheep  again  for  the  produc- 
tion of  fat  lambs,  but  whether  it  will  lead  to  increase  of  flocks  is 
uncertain.  With  skill  and  enterprise  it  might  prove  so.  Few  farmers 
there  will  be  likely  to  give  the  requisite  attention,  and  few  have  pas- 
turage suflicient  to  support  a  ]mving  ]>usiness.     If  a  few  get  Shrop- 
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shire  or  Dorsot  .sires,  raise  a  few  crossbred  lambs,  and  sell  them  for 
the  prices  local  butchers  pay  for  the  common  stock,  the  profit  will  not 
provcr  alluring.  There  are  some,  however,  who  find  a  profit  in  such 
lambs,  and  more  can  do  the  same  with  the  enterprise  and  energy  put 
into  other  business  in  this  region. 

The  conditions  in  the  Middle  States  are  essentially  the  same  as  those 
of  the  Eastern.  The  decline  in  numbers  of  sheep  has  been  progressive, 
decade  by  decade,  without  a  break,  except  in  Pennsylvania,  where  in 
1870  and  1880  increase  was  shown,  owing  to  prominence  of  the  Pan- 
handle counties  in  woolgrowing  in  that  period  of  general  prosperity. 
The  decline  from  1850  to  1890  was  small  in  Pennsylvania;  it  was  con- 
tinuous in  New  Jerse}',  though  there  were  only  1(>0,488  in  1850;  but  in 
New  York  the  falling  oflf  was  from  3,453,241  in  1850  to  1,528,979  in 
1890,  and  in  the  last  ten  years  the  reduction  has  been  almost  half  the 
figures  for  1890.  Now  there  are  only  about  a  third  as  many  in  the 
Middle  States  as  in  1850 — a  few  breeding  flocks,  some  held  for  raising 
spring  lambs,  and  scattered  farm  flocks.  A  few  can  now  find  a  profit 
under  present  conditions  in  pure-bred  flocks  for  fortifying  the  blood 
of  the  mountain-mnge  flocks.  The  history  of  the  past  is  no  guai-anty 
of  future  increase,  though  it  may  be  possible,  dependent  upon  the 
comparative  profit  of  dairying  and  other  lines  of  eastern  rui-al  indus- 
tries. The  only  item  of  advantage  enjoyed  by  this  Atlantic  seaboard 
region  in  woolgrowing  over  the  far  West  is  in  lower  transportation 
charges,  and  this  by  no  means  offsets  the  advantages  of  that  region. 

A  letter  from  the  secretary  of  the  New  York  State  American  Merino 
Sheep  Breeders'  Association,  Mr.  J.  II.  Earll,  states  that  floc^k 
owners  are  generally  well  satisfied  with  present  conditions,  as  wool  at 
20  cents  and  lambs  at  $4  in  July  "pay  very  well."  Most  of  the  sheep 
are  of  the  mutton  breeds,  the  tendency  having  l^en  in  that  direction 
for  ten  years  past.  He  states  that  the  Shropshire  leads  all  other  breeds. 
In  1888  there  were  150  registered  fine-wool  flocks  in  the  State;  now 
there  are  about  50.  But  owners  have  taken  courage  from  increase  of 
price — from  7  and  8  cents  in  1895  to  20  cents  in  Decemlxu-  last,  though 
now  temporarily  a  little  lower.    They  are  confident  of  good  prices  later. 

The  Southern  States,  exclusive  of  Texas,  had  between  5,000,000  and 
6,000,000  sheep  in  1850,  and  there  have  been  only  slight  fluctuations 
since,  the  census  of  1890  showing  over  5,000,000.  The  South  has  never 
been  a  woolgrowing  region.  Its  present  opportunity  is  in  feeding 
lambs  and  muttons,  for  which  great  natui*al  resources  are  enjo3^ed — a 
mild  climate  that  requires  little  if  any  shelter  and  permits  the  growth  of 
forage  all  winter,  while  its  cotton  seed  is  a  valuable  and  abundant  ele- 
ment of  feeding  rations.  Its  population  furnishes  an  extensive  market 
for  meats,  in  which  a  high  quality  of  mutton,  as  well  as  beef,  is  now 
scarce.  Eastern  and  foreign  markets  would  furnish  a  profitable  out- 
let for  any  surplus  that  might  be  produced.  In  the  meat-making 
branch  of  sheep  husbandry  there  should  be  a  large  increase,  climatic 
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and  feeding  resources  Iwing  unexcelled  by  those  of  an\^  other  States, 
the  most  serious  obstacles  being  dogs  and  an  indisposition  to  undertake 
new  rural  enterprises. 

Throughout  the  West  a  buoyant  feeling  exists  among  sheep  raisers, 
and  numbers  are  increasing  with  considerable  rapidity,  especially  in 
the  valleys  of  the  Mississippi  and  Missouri.  The  impulse  of  growth 
is  felt  in  all  the  States  of  the  Ohit)  Valle3\ 

In  Indiana,  which  has  never  been  a  distinctly  woolgrowing  State, 
according  to  Prof.  C.  S.  Plumb  the  "  sheep  and  wool  interests  are  des- 
tined to  a  very  considerable  increase."  He  says  it  is  many  years  since 
Indiana  has  had  as  many  sheep  as  to-day.  In  breeding,  the  value  of 
a  good  mutton  carcass  is  not  lost  sight  of,  while  wool  is  an  important 
considei'ation.  The  llambouillet  Merino  is  now  very  popular  there, 
and  the  Delaine  Merinos  are  held  in  high  esteem.  The  sheep  of  Indi- 
ana are  mainly  of  the  mutton  breeds,  though  there  is  now  a  tendency 
to  cross  with  Merinos  of  large  size  that  approach  the  mutton  confor- 
mation. Shropshire  grades  are  now  predominant,  and  many  growers 
incline  toward  the  Rambouillet  as  an  improving  cross. 

The  Secretary  of  the  Indiana  Dickinson  Delaine  Association,  Mr. 
U.  C.  Brouse,  says  this  breed  has  been  veiy  popular  because  of  a 
strong  constitution,  good  feeding  quality,  mutton  forms,  and  heavy 
fleeces  of  valuable  wool.  He  says  there  are  about  8,000  registered, 
mostly  in  Pennsylvania,  Ohio,  Indiana,  and  Michigan. 

There  is  rapid  increase  of  flocks  in  the  prairie  States  west  of  the 
Mississippi.  Iowa  is  perhaps  more  interested  in  sheep  husbandry 
than  ever  before.  Sheep  are  increasing  quite  rapidly  in  Minnesota 
and  the  Dakotas,  and  numbers  are  now  greater  than  at  any  former 
period.  The  feeling  is  general  that  under  present  conditions  sheep 
should  prove  fully  as  profitable  as  any  other  branch  of  stock  raising. 

The  region  west  of  the  pi-airies,  the  range  country,  including  Texas 
and  the  Pacific  Coast,  is  the  principal  area  of  American  woolgrowing. 
In  all  this  region  the  industry  is  now  flourishing.  Sheep  are  increas- 
ing, the  flock  masters  have  the  confidence  and  courage  to  extend  opei'a- 
tions,  use  their  time  and  money  in  efforts  for  breed  improvement,  and 
give  the  care  and  attention  to  details  necessary  for  the  permanent 
welfare  of  flocks.  Everywhere  they  appear  to  be  content  with  the 
situation. 

Advices  from  Montana  and  Wyoming,  where  sheep  are  counted  by 
millions,  and  valued  as  never  before,  the  total  value  of  the  flocks  of 
the  former  being  greater  than  that  of  any  other  State,  and  of  the  lat- 
ter only  exceeded  by  that  of  Ohio,  declare  a  condition  of  prosperity 
and  contentment.     Similar  conditions  are  reported  in  Utah  and  Idaho. 

New  Mexico  is  credited  with  the  largest  number  of  any  State  or 
Territoiy.  The  Department  of  Agriculture  estimates  3,397,439;  and 
Governor  Otero  estimates  last  year's  product  of  wool  at  over  18,000,000 
pounds  and  declares  that  sheep  huijbandry  is  now  the  most  prosperous 
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industry  in  the  Territory  and  flock  masterii  ai'e  in  Tiettor  spirits  than 
for  many  years.  Many  years  have  been  occupied  in  breeding  up  the 
coarse -wooled  Mexican  stock  to  the  Merino  plane,  yet  the  wool  is  still 
uneven,  some  fleeces  comparing  favorably  with  any  in  the  United 
Statues,  while  the  majority  are  not  uniform  in  grade,  running  from  fine 
to  blanket  wool;  but  each  succeeding  year  the  lambs  produce  a  finer 
grade  of  wool.  A  scouring  mill  in  Las  Vegas,  in  its  I'ccords,  indicates 
this  diversity.  One  clip  of  90,000  pounds  of  greaise  wool  scoured  97 
per  cent  of  fine  and  tine  medium,  2  per  cent  of  quarter  blood,  and  1  per 
cent  of  blanket.  One  of  77,000  pounds  of  grease  wool  yielded  90  per 
cent  of  fine  and  medium,  9  of  medium,  and  1  of  blanket.  Another 
of  40,000  \x)unds  scoured  65  per  cent  of  fine  and  85  per  cent  of  medium. 
These  indicate  a  high  grade  of  improvement.  OtheiTs  were  not  so 
good.  One  clip  of  31,000  pounds  gave  only  2  ptn*  cent  of  scoured  fine 
medium,  59  of  three-eighths,  17  of  quarter  blood,  18  of  blanket,  and  4 
of  carpet  wool.  This  is  coai'se  but  serviceable  wool,  with  little  of  its 
original  carpet  quality. 

The  industry  is  also  quite  prosperous  in  Arizona,  and  sheep  are 
increasing  rapidly. 

The  secretary  of  the  National  Merino  Sheep  Register  Association,  of 
California,  Mr.  R.  O.  Logan,  says  that  woolgrowei's  are  generally 
jubilant  over  present  prospects,  over  the  return  of  a  fine-wool  period, 
feeling  that  the  tendency  of  the  next  decade  will  be  toward  the  grow- 
ing of  merino  wool  of  long  staple.  The  onl}'  serious  dmwback 
indicated  is  the  introduction  of  skirted  wools  at  the  i^ate  of  unwashed, 
which  reduces  materially  the  protective  benefit  of  the  dut\\ 

Oregon  and  Washington  flocks  are  increasing  in  numbers,  giving  a 
reasonable  profit  to  flock  owners  and  a  measure  of  satisftiction  and 
contentment. 

The  present  condition  of  .  woolgrowing  has  no  more  suggestive 
index  than  the  avemge  prices  of  January  last.  In  the  twelve  States 
and  Territories  whi<*h  now  produce  nearly  two-thirds  of  all  our  wool, 
the  prices  of  sheep  are  higher  in  every  one  than  in  January,  1898.  In 
Oregon,  Wyoming,  and  New  Mexico  the  average  price  was  more  than 
dou])le  that  of  1895,  and  for  all  of  them  together  the  average  was  lit- 
tle short  of  double,  and  the  home  price  of  wool  has  increased  more 
than  loo  per  cent.  A  comparison  of  Januar}'^  prices  in  1893,  1895, 
and  1900  is  as  follows: 

Prices  of  sheep  in  Far  West  in  1893^  189S,  and  1900^  compared. 


states  and  Territories. 


1893. 


Texas ,  $1.60 

M<  (iitftim I  2.  .\H 

^V  voining 2. 75 

Coh.nulo I  2. 52 

NfW  Mexieo 1 .  r)0 

Ari/oiiii 2. 25 


18»5. 

1900. 

$1.21 

$1.92 

1.61 

2.H4 

1.64 

3.51 

1.52 

2.H(i 

.90 

2. 17 

1.21 

2.:U 

StatoH  and  Territoriea. 


1893. 


1895.        1900. 


Utah ,    $2.38 

Nr vada 

Idaho 

Washinjfton 

oreRoii 

(.'alil'ornia 


$2.38 

$1.47 

2. 43 

2.42 

2.50 

1.41 

2.8:i 

1.74 

2.40 

1.16 

2.32 

1.65 

I2.fi9 
2.91 
2.80 
8.13 
2.67 
2.\& 
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Woolgrowers  regard  with  interest  the  effect  of  the  present  tariff  on 
the  price  of  their  wools.  When  the  enactment  of  1897  went  into 
operation  as  to  wool  August  28,  1897,  and  as  to  shoddy  and  other 
manufactures  January  1,  1898,  some  may  have  expected  an  advance 
equal  to  the  rate  of  duty.  But  this  by  no  means  occurred.  I'he 
markets  were  then  full  of  fine  foreign  wool,  and  two  or  three  years  of 
mill  consumption  were  necessary  to  clear  away  these  stocks.  The 
diagrams  (figs.  2  and  3),  prepared  b}'^  Justice,  Bateman  &  Co.,  wool 


Cost  (duty  paid)  of  Argentine  quarter- 
blood  unwashed  wool  in  New  York,  he-) 
ng  the  importing-point  price,  January] 
1,1900. 


Cost  in  Argentina  of  quarter-blood  un- 
washed wool,  January  1, 1900. 


{Price  of  American  quartcr-blcxHl  un- 
washed wool  similar  to  Argentine,  Jan- 
uary 1,1900. 


Fig.  2.— Diagram  showing  effect  of  Dingley  tariff  act  in  raising  the  price  of  American  wool,  January 

1, 1900— only  three-fourths  of  its  lifting  i>owcr  realized. 

dealei-s,  of  Philadelphia,  illustrate  clearly  and  accurately  the  price- 
lifting  force  of  the  Dingley  tariff.  The  representative  grade  of 
American  wool  in  the  diagram  is  quarter-blood  unwashed,  which 
represents  wool  from  mutton  sheep  of  the  Shropshire  or  similar 
flocks.  Fig.  2  shows  that  only  75  per  cent  of  the  price-lifting  effect 
of  the  tariff  was  attained  b}'  January  1,  1900.  Justice,  Bateman  & 
Co.  sa3'  in  explanation: 

Argentine  cTossbred  wools,  spinning  to  what  are  known  here  as  46s  to  50s  qualities, 
corresponding  to  an  American  medium  in  the  unwashed  condition,  but  skirted,  now 
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cost  in  the  Argentine  Republic  20  cente.  With  1  cent  adiUsl  for  frtMght  the  cob-t 
afloat  in  New  York  would  not  be  under  21  centi^,  but  with  the  Dingley  tariff  duty  of 
1 1  cents  added  the  cost  to  the  American  consumer  would  be  32  cents  for  wool  of  the 
same  class  and  quality  as  domestic  unwashed  medium  combing,  the  outside  price  for 
wliich  on  January  1  was  29  cents.  Thus  it  would  appear  that  an  effort  is  being 
made  to  reduce  the  duties  of  the  Dingley  act  before  it  has  had  a  trial. 

This  reference  to  reduction  of  duties  relates  to  the  proposed  Argen- 
tine reciprocity  treaty,  which  makes  a  reduction  of  20  per  cent. 


Oo6t  (duty  paid)  of  Argentine  quarter- 
blood  unwashed  wool  in  New  York,  be- 
ing the  importing-point  price,  May  19, 

190(). 


Price  of  American  quarter-blood  un- 
--  ^washed  wool  siniilHr  to  Argentine,  May 
ll9, 1900. 


Cost  in  Argentina  of  quartcr-bltHMl  un-^ 
washed  wool,  May  19,1900.  I  ""' 


Fig. 3. — Diagram  Rliowing  effect  of  Dingley  tariff  act  in  raising  the  price  of  American  wool,  May  19, 

1900— its  full  lifting  iiower  realize*!. 

Since  January  1  there  has  been  a  30  per  cent  decline  in  the  markets 
of  the  world  on  Argentine  quarter-blood  unwashed,  which  realized  the 
full  price-lifting  effect  of  the  tariff,  i.  e.,  the  American  price  is  as 
much  above  the  foreign  price  as  the  Argentine  price,  plus  11  cents 
duty  and  1  cent  freight;  in  other  words,  it  is  12  cents  below  the 
American  price,  which  is  i^O  cents,  as  shown  in  figure  8. 

Thus  it  has  been  between  two  and  three  years  since  the  tariff  went 
into  force  before  its  full  effect  (^ould  be  realized  on  quarter-blood 
unwashed  wool  in  comparison  with  Shropshire  or  simihir  American 
wool. 
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The  data  presented  in  this  report  show  that  this  country  produces 
wool  suited  to  almost  every  variety  of  honest  fabric  that  is  made; 
that,  excepting  the  lower  grade  of  wools,  domestic  manufacture  has  at 
some  dates  had  a  nearly  full  supply;  that  in  a  very  brief  period  a  full 
supply  of  clothing  and  worsted  wools  can  be  reasonably  expected.  It 
has  also  been  shown  that  our  manufacturers  can  not  be  successful 
without  a  compai'atively  full  supply  of  home-grown  wools. 

In  conclusion,  it  has  been  fully  demonstrated,  and  needed  not  the 
bitter  experience  of  1894-1897  for  emphasis,  that  the  prosperity  of 
manufacturers  is  inseparably  bound  up  with  that  of  the  woolgrowers. 
A  full  supply  of  wool  products  for  domestic  consumption  can  easil}^  l)e 
produced  for  a  constantly  increasing  population,  and  ultimately  some 
for  exportation  is  possible,  but  never  with  foreign  wool.  In  some 
lines  even  now  foreign  shipments  of  manufactures  of  wool  are  made 
and  they  are  increasing.  During  the  fiscal  year  ended  June  30, 1900, 
the  value  of  exports  of  wool  manufactures  was  $1,253,602  against 
$1,047,407  in  the  preceding  fiscal  year,  largely  in  wearing  apparel. 
This  will  increase  if  the  prosperity  of  both  industries  is  maintained. 
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LFITER  OF  TRANSMITTAL 


IT.  S.  Department  of  Agriculture, 

Division  of  Publications, 

February  i,  1901. 
Sir:  On  June  13  and  15,  1900,  Mr.  Frank  H.  Hitchcock,  Chief  of 
the  Section  of  Foreign  Markets,  appeared  as  a  witness  before  the 
United  States  Industrial  Commission  by  the  invitation  of  that  body. 
His  testimony  covered  especially  the  relations  to  and  dependence  upon 
agriculture  of  our  foreign  trade,  and  served  to  bring  together  in  con- 
venient form  a  large  amount  of  information  not  hitherto  published  by 
the  Department.  The  demand  for  this  information  is  frequent  and 
widespread,  and  as  the  suggestions  offered  by  Mr.  Hitchcock  in  response 
to  the  inquiries  propounded  to  him  by  the  Commission  are  such  as 
have  frequently  met  with  your  expressed  approval,  I  earnestly  recom- 
mend the  republication  of  this  testimony  as  a  departmental  report. 
Very  respectfully, 

Geo.  Wm.  Hill, 

Editor. 
Hon.  James  Wilson, 

Secretary  of  AgricuH/ure, 
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INTRODUCTORY. 


At  the  meeting  of  the  United  States  Industrial  Commission  on  June 
13,  1900,  at  Washington,  D.  C,  Mr.  Farquhar  presiding,  Mr.  Frank 
H.  Hitchcock,  chief  of  the  Section  of  Foreign  Markets,  United  States 
Department  of  Agriculture,  was  introduced  as  a  witness,  and,  being 
duly  sworn,  testified  as  follows: 

Q.  (By  Mr.  A.  L.  Harris.)  You  may  state  your  name,  your  address, 
and  your  occupation. — A.  My  name  is  Frank  H.  Hitchcock;  my  occu- 
pation is  that  of  chief  of  the  Section  of  Foreign  Markets,  United 
States  Department  of  Agriculture;  that  is  also  my  address. 

Q.  How  long  have  you  been  connected  with  the  Department  of 
Agriculture? — A.  Since  the  autumn  of  1891. 

Q.  And  all  that  time  in  this  bureau? — A.  No.  I  went  into  the 
Department  as  a  biologist,  passing  the  civil-service  examination.  I 
served  in  the  biological  work  for  one  year  and  then  took  up  the  statis- 
tical work.  I  worked  in  the  statistical  bureau  until  about  five  vears 
ago,  when  I  was  transferred  to  the  Section  of  Foreign  Markets  soon 
after  its  inception.  My  work  has  therefore  been  statistical  for  about 
eight  years. 

Q.  Your  examination  has  been  exclusively  in  the  line  of  the  exten- 
sion of  foreign  markets  for  agricultural  products? — A.  Yes;  since  I 
have  been  connected  with  my  present  office. 

Q.  What  means  have  you  had  for  procuring  your  information 
in  regard  to  the  expansion  of  foreign  markets  for  agricultural 
products? — A.  We  have  had,  first  of  all,  the  published  information 
that  is  issued  by  the  various  foreign  governments.  We  depend  upon 
the  official  reports,  as  far  as  possible,  for  our  information,  especially 
for  our  statistical  information.  We  have  also  had  the  cooperation  of 
the  United  States  consular  service  through  the  courtesy  of  the  State 
Department.  The  consuls  have  furnished  us  with  reports  on  stated 
topics,  the  inquiries  being  transmitted  to  them  through  the  Depart- 
ment of  State.  In  addition  to  that  we  have  had  some  assistance  from 
employees  of  our  own  Department  abroad.  There  have  been  several 
special  agents  (so  called)  employed  to  study  agricultural  conditions  in 

foreign  countries,  and  they  have  reported  to  the  Department    For 
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information  on  the  subject  of  our  own  export  trade  we  are  of  course 
dependent  very  largely  upon  the  reports  of  our  customs  officials  as 
published  by  the  Treasury  Department. 

EXTENT  AND  INCREASE  OF  AGRICULTURAL  EXPORTS. 

Q.  You  may  state,  if  you  will,  in  your  own  way,  the  past  conditions 
of  the  foreign  markets  for  agricultural  products,  the  present  condi- 
tions, and  the  hopes  for  the  future. — A.  The  extent  to  which  Ameri- 
can fanners  depend  upon  foreign  markets  for  the  disposal  of  their 
surplus  products  may  be  gathered  from  the  fact  that  during  the  past 
fiscal  year,  1899,  our  agricultural  exports  reached  in  value  close  to  the 
enormous  sum  of  $800,000,000.  The  agricultural  exports  probably 
comprise  about  25  per  cent  of  the  total  production  of  American  agri- 
culture. With  this  enormous  surplus  the  acquirement  and  main- 
tenance of  a  ready  foreign  market  is  of  the  greatesf  importance  to  our 
agricultural  interests.  In  order  to  prevent  the  glutting  of  the  home 
market  we  must  ship  our  surplus  produce  to  foreign  countries. 

During  the  last  forty  or  fifty  years  our  agricultural  expoi*ts  have 
increased  with  great  I'apidity.  In  1860  their  value  was  about  $258,- 
000,000;  in  1870  it  amounted  to $363,000,000;'  in  1880  to  $693,000,000; 
in  1890  to  $635,000,000;  and  in  1899  to  $793,000,000.  Comparing  1860 
with  1899,  the  last  year  for  which  we  have  figures,  a  period  of  about 
forty  years,  we  find  an  increase  of  over  200  per  cent. 

Every  indication  points  to  the  probability  of  a  still  further  increase 
in  our  agricultural  export  trade,  providing  proper  measures  are  taken 
to  foster  it.  Modern  transportation  facilities  are  revolutionizing  the 
character  of  the  trade.  The  introduction  of  cold  storage  and  of 
refrigeration  service  on  railway  cars  and  steamships  is  making  it 
possible  to  market  in  foreign  countries  across  the  sea  products  that 
we  were  formerly  unable  to  export;  and  it  is  along  this  line  of  devel- 
opment that  the  increase  of  our  export  trade  in  agricultural  products 
in  the  future  may  be  chiefly  expected — in  the  exportation  of  perishable 
products,  such  as  meats,  butter  and  cheese,  perishable  vegetables,  and 
fruits. 

FRESH  BEEF. 

Thus  far  the  chief  example  of  trade  development  along  this  line  is 
found  in  the  case  of  fresh  beef.  In  1880  our  expoi-ts  of  fresh  beef 
were  valued  at  about  $7,000,000.  Last  year,  1899,  they  were  valued 
at  $24,000,000. 

INDIAN   CX>RN. 

Some  of  the  other  products  that  show  an  increased  exportation,  but 
mainly  for  other  reasons,  I  will  now  mention.     Corn  is  a  notable 

[*The  figures  for  1870,  quoted  in  this  testimony,  represent  the  currency  export 
values,  as  originally  published  in  the  official  customs  returns.] 


FOREIGN  MARKETS  FOR  AMERICAN  AGRICULTURAL  PRODUCTS.       9 

example.  In  1870  we  exported  a  little  over  $1,000,000  worth  of  Indian 
corn.  Last  year  we  exported  nearly  $70,000,000  worth.  The  develop- 
ment of  the  dairy  industry  all  over  the  world  and  the  discovery  in 
foreign  countries  that  American  corn  forms  a  cheap  and  desii*able  feed 
stuff  for  live  stock  have  led  to  an  enormous  increase  in  our  expoi*ta- 
tion  of  that  grain. 

WHBAT  FLOUB. 

Another  conspicuous  example  of  increase  is  wheat  flour.  Going 
back  to  1870  we  find  that  the  exports  of  wheat  flour  were  valued  at 
about  $20,000,000.  Last  year,  1899,  they  were  valued  at  $73,000,000. 
The  remarkable  development  of  the  milling  industries  in  this  country, 
resulting  in  a  very  large  production  of  high-grade  flour  at  a  low  cost, 
has  made  it  possible  for  us  to  export  flour  in  competition  with  other 
producing  countries  and  gradually  to  get  the  trade.  Flour  affords 
one  of  the  most  notable  instances  of  increase  among  our  agricultural 
exports. 

CATTLE. 

Another  case  of  development  in  the  agricultural  export  trade  is  that 
of  the  shipment  of  cattle.  In  1870  our  cattle  exports  amounted  in  value 
to  less  than  $600,000.  In  1899  they  amounted  to  over  $30,000,000. 
This  trade  has  been  greatly  aided,  of  course,  by  the  changes  in  the 
methods  of  transportation,  the  improvement  of  ti*ansportation  facili- 
ties, the  shoilening  of  the  time  in  which  live  cattle  can  be  transported, 
not  only  across  the  continent  but  across  the  sea,  and  by  the  measures 
that  have  been  taken  by  the  Government  to  protect  and  foster  the 
trade.  The  official  inspection  of  export  cattle,  guaranteeing  a  standard 
in  condition  and  quality,  has  greatly  benefited  the  export  trade. 

CUBED   MBAT8. 

Our  expoiia  of  cured  meats  have  also  increased  to  a  noticeable  extent. 
The  various  pork  products,  in  particular,  have  presented  a  very  marked 
example  of  increase.  In  1870  we  exported  only  about  $6,000,000  worth 
of  bacon  and  hams,  while  in  1899  we  sent  abroad  over  $60,000,000 
worth.  Our  bacon  exports  for  1899  were  valued  at  $42,000,000,  and 
our  ham  exports  at  $21,000,000. 

LABD. 

Similarly  the  exports  of  lard  have  grown  enormously  in  the  period 
under  consideration.  In  1870  we  exported  about  $6,000,000  worth 
of  lard.  In  1899  we  exported  $42,000,000  worth.  The  growth  of  the 
packing  industry  in  the  United  States  and  the  improved  methods  of 
packing  that  have  been  adopted  here  have  resulted  in  a  great  develop- 
ment of  this  export  trade. 
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OIL  CAKE. 


Another  agricultural  export  that  shows  a  very  large  growth  and  a 
very  rapid  one  is  oil  cake  and  oil-cake  meal.  In  1870  we  exported 
about  $3,500,000  worth  of  oil  cake  and  oil-cake  meal.  Last  year  we 
exported  $14,600,000  worth.  This  product  presents  a  case  somewhat 
similar  to  that  of  the  exports  of  corn.  It  is  beginning  to  be  fed  very 
largely  to  live  stock  abroad,  especially  in  dairying  countries.  Foreign 
dairying  interests  are  beginning  to  discover  its  utility  as  a  feed  and  are 
importing  it  in  rapidly  increasing  quantities. 


COTTON-BEED  OIL. 


Another  article  that  shows  a  rapid  increase  is  cotton-seed  oil.  In 
1870  we  exported  only  about  $15,000  worth  of  this  product  In  1899 
we  sent  abroad  about  $12,000,000  worth. 


OLBO  OIL. 


Oleo  oil,  a  product  that  has  come  to  the  front  somewhat  recently, 
affords  another  instance  of  growing  export  trade.  In  1870  no  expoits 
were  recorded.  In  1880  about  $2,000,000  worth  went  to  foreign  mar- 
kets, and  in  1899  over  $9,000,000  worth.  Oleo  oil  is  sent  abroad  to 
countries  that  manufacture  oleomargarine;  it  is  sent  abroad  in  the 
crude  form  and  is  used  in  the  manufacture  of  imitation  butter. 


FBurre. 


Still  another  item  is  fruits.  Our  export  trade  in  fruits  has  increased 
with  considerable  rapidity  during  these  years.  In  1870  we  shipped  to 
foreign  countries  about  $500,000  worth,  whereas  in  1899  we  exported 
nearly  $8,000,000  worth. 

The  leading  articles  just  enumerated  are  the  ones  that  have  contrib- 
uted most  to  the  general  increase  I  spoke  of  as  having  occurred  in  our 
agricultural  export  trade. 

REASON   FOR  SELECTING   STATISTICS  QUOTED. 

Q.  (By  Senator  Kyle.)  Why  is  it  you  take  a  period  of  thirty  years — 
1870  to  1900? — A.  One  reason  is  that  the  statistics  prior  to  1870  are 
not  in  such  satisfactory  shape.  I  have  here  the  figures  for  each  decen- 
nial period  from  1870  down  to  1899. 

Q.  Is  there  a  falling  off  in  the  different  periods  between  1870  and 
1900? — A.  There  is  a  fluctuation  in  some  cases — a  falling  off  foUowed 
by  a  recovery. 

Q.  And  then  a  rise  again  in  the  last  two  or  three  years? — A.  A  rise 
occurred  in  many  cases  during  the  last  two  or  three  yeara. 

DISTRIBUTION   OF  EXPORT  TRADE. 

Q.  I  would  rather  like  to  hear  the  destinations  of  these  agricultural 
products,  if  you  can  give  them  just  as  well  as  not. — ^A.  As  regards  the 
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distribution  of  our  agricultural  exports  in  general,  I  will  say  that  the 
United  Kingdom  is,  of  coui-se,  our  most  important  market.  We  send 
over  one-half  of  all  our  agricultural  exports  to  the  United  Kingdom  of 
Great  Britain  and  Ireland.  Of  the  products  exported  during  the  five 
years  1894-1898,  measured  in  value,  about  55  per  cent  went  to  the 
United  Kingdom.  Thirteen  per  cent  of  the  exports  for  the  same 
period  went  to  Germany;  to  France,  6.6  per  cent;  to  the  Netherlands, 
4.3  per  cent;  to  Belgium,  3.6  per  cent.  These  five  countries  are  the 
destinations  of  a  very  large  proportion  of  our  European  trade,  and,  in 
fact,  of  our  total  export  trade  in  agricultural  products. 

Q.  Why  do  you  select  the  period  of  1894  to  1898?— A.  The  reason 
I  have  selected  that  period  in  this  testimony  is  because  I  have  published 
a  report  upon  our  agricultural  export  trade  for  those  years,  from  which 
I  am  able  to  quote.  The  report  was  issued  some  little  time  ago,  and  so 
it  does  not  include  1899.  Similar  statistics  covering  1899  have  not 
yet  been  published. 

Q.  Do  these  percentages  materially  differ  as  regards  other  periods  ? — 
A.  Not  materially.  I  am  speaking  now  in  reference  to  the  present 
status  of  the  export  trade,  and  it  is  fairer  to  take  a  period  of  several 
years  and  give  the  avei-age  than  to  quote  any  single  year.  The  average 
for  the  five  years  1894-1898  gives  a  fairly  accurate  idea  of  the  present 
distribution  of  the  export  trade.  Of  our  agricultural  exports  for  that 
period  about  88  per  cent  went  to  European  countries.  That  shows 
how  im[>ortant  Europe  is  to  us  as  a  market. 

Q.  You  figure  with  that,  of  course,  the  export  trade  from  the  Pacific 
coast? — ^A.  The  entire  agricultural  export  trade  of  the  United  States. 

INCREASE   OF  TRADE   TO  ASIATIC   COUNTRIES. 

Q.  Do  you  think  in  the  period  from  1894  to  1898  there  has  been  an 
increased  trade  from  the  Pacific  coast  to  the  Asiatic  countries? — A. 
There  has  been  a  marked  increase  during  that  period.  The  total  value 
of  our  agricultural  exports  to  Asia  increased  from  less  than  $4,000,000 
in  1894  to  nearly  $15,000,000  in  1898.  The  agricultural  exports  to 
Oceania,  which  are  stated  separately,  increased  in  the  same  period 
from  less  than  $2,000,000  to  $3,500,000 — quite  a  material  increase. 
The  increase  shown  by  the  Asiatic  and  Oceanian  trade  is  proportion- 
ately very  much  greater  than  the  increase  shown  in  any  other  direction. 
It  is  about  the  most  interesting  feature  of  our  recent  foreign-trade 
development. 

COTTON. 

Q.  What  are  the  branches  of  our  trade  that  are  increasing  in  the 
last  three  or  four  years  from  the  Pacific  coast? — ^A.  As  regards  the 
agricultural  exports,  the  chief  articles  are  cotton  and  wheat  flour.  I 
will  quote  from  one  of  my  reports  statistics  to  show  how  the  export 
trade  in  cotton  has  developed.     Our  total  exports  of  raw  cotton  to 
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Japan,  China,  and  Hongkong  increased  from  23,500  pounds  in  1889, 
ten  years  ago,  to  nearly  119,000,000  pounds  in  1898.  The  present 
trade  represents  the  growth  of  little  more  than  a  decade.  To  show 
how  rapidly  it  has  developed  in  the  last  year  or  two,  I  will  say  that  in 
1897  the  exports  amounted  to  only  32,000,000  pounds,  as  compared 
with  nearly  119,000,000  pounds  in  1898. 

Q.  Have  you  any  figures  to  show  the  increase  of  the  production  of 
China  during  this  same  period?  Were  they  increasing  materially  in 
the  production  of  cotton  ? — A.  Not  materially.  Very  little  increase  is 
shown  by  the  statistics  of  cotton  production  in  China. 

Q.  So  that  the  inference,  then,  is  that  they  are  wearing  more  cotton, 
they  are  consuming  more  cotton  goods? — A.  The  raw  cotton,  I  will 
say,  goes  chiefly  to  Japan,  where  the  manufacturing  of  cotton  is  rap- 
idly coming  into  great  prominence.  The  Japanese  are  now  manu- 
facturing enormous  quantities  of  cotton  goods.  Their  manufacturing 
has  increased  very  rapidly  in  the  last  few  years,  and  they  are  now 
drawing  upon  us  quite  extensively  for  their  raw  cotton.  The  natural 
inference  would  be  that  the  use  of  cotton  cloths  is  increasing  in  that 
portion  of  the  world. 

Our  gains  in  exportation,  however,  are  not  confined  entirely  to  the 
exports  of  the  raw  product.  Our  exports  of  cotton  manufactures  to 
the  Orient  also  show  a  considerable  increase.  They  have  fluctuated 
considerably  from  year  to  year,  but  taking  1889  to  1898,  a  period  of 
ten  years,  we  find  an  increase  from  $1,600,000  worth  in  the  former 
year  to  $5,300,000  worth  in  the  latter  year. 

Q.  Just  in  one  year? — A.  No;  in  ten  years. 

Q.  In  ten  years  an  increase  of  $4,000,000.  Well,  is  this  a  peculiar 
kind  of  cotton  goods? — A.  It  is  the  style  of  cotton  goods,  of  course, 
that  is  generally  sent  to  tropical  countries,  largely  cheap  cottons  of 
the  coarser  grades. 

Q.  From  what  section  of  the  United  States  are  these  goods  ex- 
ported?— A.  They  come  from  the  cotton  manufacturing  sections  in 
New  England  and  also  from  the  South.  I  do  not  know  as  to  the  exact 
distribution,  but  I  understand  that  the  South  is  now  beginning  to 
export  quite  largely  to  the  Orient. 

Q.  The  South  is  manufacturing  an  article  that  is  very  largely  con 
sumed  in  the  Orient,  is  it  not? — A.  I  understand  it  is  beginning  to. 

WHEAT   FLOUB. 

I  spoke  also  of  the  exportation  of  wheat  flour  to  the  oriental  coun- 
tries; I  will  quote  statistics  to  show  the  gain  in  the  shipment  of  that 
product.  In  1889  our  exports  of  wheat  flour  to  Japan,  China,  and 
Hongkong  amounted  to  408,000  barrels.  In  1898  they  amounted  to 
1,120,000  barrels.     The  increase  was  particularly  marked  in  the  last 
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few  years  of  the  decade.  In  1894  they  had  increased  to  only  676,000 
barrels;  the  advance  to  over  a  million  occurred  in  the  years  following 
that. 

DESTINATIONS  OF  LEADING  EXPORTS. 

At  Senator  Kyle's  request  I  will  now  take  up  the  leading  products 
I  have  mentioned  as  showing  gains  in  exportation  and  state  briefly  the 
principal  destinations  to  which  we  are  now  sending  them.  Indian  corn 
is  the  first  item  on  my  list.  I  will  ask  Senator  Kyle  whether  he  would 
prefer  to  have  me  state  the  distribution  by  quantities  or  by  values? 

Senator  Kyle.  I  think  value  probably  would  be  a  sufficient  indica- 
tion. 

Q.  (By  Mr.  A.  L.  Harris.)  Have  you  the  bushels  or  weights  in 
your  statement? — A.  I  have  both  quantity  and  value  wherever  they  can 
be  stated.  In  the  case  of  some  items— -for  instance,  fruits — only  the 
value  is  recorded. 

Q.  (By  Mr.  Farquhar.)  In  the  case  of  cereals,  however? — A.  The 
separate  cereals  are  all  stated  by  both  quantity  and  value.  To  get  at 
the  volume  of  the  exports  it  would  be  important,  of  course,  to  have 
the  quantity  as  well  as  the  value;  but  where  you  are  simply  showing 
the  proportion  of  export  trade  that  goes  to  the  different  countries  the 
value  forms  a  satisfactory  basis  as  regards  the  distribution.  In  fact 
it  makes  very  little  difference  in  a  given  year  whether  we  take  the 
quantity  or  the  value  for  that  purpose.  Such  statements,  whether 
stated  in  quantity  or  in  value,  are  merely  comparative.  However,  I 
can  quote,  if  you  wish,  both  quantities  and  values. 

Mr.  Farquhar.  I  think  the  commission  would  like  to  have  both  the 
quantity  and  the  value. 

Witness.  To  give  a  fair  idea  of  the  distribution  I  will  take  the 
average  for  the  five-year  period  1894r-1898,  stating  the  quantity  and 
value  for  that  period. 

INDIAN   CORN. 

Speaking  now  of  Indian  corn,  our  shipments  of  this  grain  to  the 
United  Kingdom  averaged  50,000,000  bushels  a  j'^ear,  the  value  being 
about  $18,000,000.  That  gave  the  United  Kingdom,  taking  the  per- 
centage of  quantity,  about  43  per  cent  of  the  total  exports.  Germany 
ranked  next  to  the  United  Kingdom  as  a  market  for  our  corn,  taking 
about  20,000,000  bushels  a  year,  or  about  17  per  cent,  the  value  being 
slightly  more  than  $7,000,000.  Canada  was  a  market  for  about 
10,600,000  bushels,  the  value  being  about  $3,700,000.  Canada  .took 
about  9  per  cent  of  the  total.  The  Netherlands,  with  10,400,000 
bushels,  valued  at  $3,800,000,  received  nearly  9  per  cent.  Denmark 
took  nearly  8  per  cent,  receiving  about  9,000,000  bushels,  with  a  value 
of  about  $3,000,000.     These  five  countries — ^the  United  Kingdom,  Ger- 
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many,  Canada,  the  Netherlands,  and  Denmark — ^were  the  chief  markets 
for  our  Indian  corn  during  the  period  under  consideration.  After 
these  countries  France  and  Belgium  may  be  cited  as  the  most  important 
markets. 

WHEAT  FLOUB. 

Wheat  flour  is  the  next  item  that  I  will  mention.  Of  the  wheat 
flour  exported  in  the  five-year  period  1894-1898,  the  United  Kingdom 
took  about  58  per  cent.  The  quantity  sent  to  that  country  was,  taking 
the  annual  average,  about  9,000,000  barrels  and  the  value  about 
$35,000,000.  Other  destinations,  the  chief  of  which,  however,  the 
Netherlands,  took  only  about  6  per  cent,  were,  in  the  order  of  their 
importance,  the  Netherlands,  Hongkong,  Bi*azil,  Canada,  the  British 
West  Indies,  Cuba,  and  Germany.  I  have  mentioned  all  the  destina- 
tions to  which  an  average  annual  export  of  more  than  200,000  barrels 
was  sent. 

Q.  (By  Senator  Kyle.)  Did  you  mention  the  Asiatic  countries  there 
in  that  list? — A.  I  mentioned  the  chief  one — Hongkong.  Hongkong 
ranks  third. 

Q.  About  what  per  cent? — A.  It  takes  about  5  per  cent  of  the  flour. 

Q.  I  would  like  to  ask  you  whether  the  East  Indies  are  finding  a 
market  for  wheat  and  wheat  flour  in  the  Orient? — A.  My  impression 
is  that  they  are  not  to  any  considerable  extent.     You  refer  to  India? 

Q.  India;  yes. — A.  Not  to  any  large  extent.  India  is  not  develop- 
ing as  a  wheat-exporting  country.  That  country  has  not  the  impor- 
tance that  it  formerly  had  as  a  source  of  supply.  I  have  here  the 
wheat  production  of  British  India.  It  fluctuates,  of  course,  from 
year  to  year,  but  the  general  tendency  has  been  downward. 

Q.  You  may  state  for  the  information  of  the  commission  something 
about  the  production  of  British  India. — A.  There  have  been  indica- 
tions that  the  wheat  production  of  India  was  declining,  if  anything,  in 
recent  years.  For  instance,  the  average  annual  production  for  the 
past  five  years,  1896-1899,  amounted  to  something  less  than  230,000,000 
bushels,  whereas  the  average  for  the  preceding  five  years,  1890-1894, 
was  about  240,000,000  bushels.  The  average  for  the  five  years 
1885-1889  was  still  larger,  amounting  to  about  260,000,000  bushels. 

CATTLE. 

1  was  about  to  speak  of  the  distribution  of  our  export  trade  in  cat- 
tle. The  United  Kingdom  takes  nearly  95  per  cent  of  the  live  cattle 
shipped  from  the  United  States.  The  average  number  of  head  exported 
to  the  British  market  during  the  five  years  1894-1898  was  about  350,000 
and  the  value  about  $33,000,000.  It  is  the  only  market  of  importance 
we  have  for  export  cattle.  The  remainder  of  the  trade  is  widely  dis- 
tributed among  other  countries. 
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I  will  mention  as  an  interesting  fact  that  we  have  recently  been  ship- 
ping quite  a  number  of  cattle  to  Cuba.  In  1898  we  shipped  about 
40,000  head.  The  importation  of  American  live  cattle  into  Germany, 
France,  Belgium,  and  the  Netherlands  was  prohibited  some  years  ago, 
although  I  should  say  that  Belgium  has.  since  removed  the  prohibition. 

Q.  (By  Mr.  A.  L.  Harris.)  What  was  the  reason  of  the  prohibi- 
tion?— A.  The  prohibition  was  enacted  on  the  supposition  that  there 
was  danger  of  introducing  infectious  diseases.  Several  years  ago — I 
believe  it  was  in  1894 — there  were  some  alleged  cases  of  Texas  fever 
in  American  cattle  shipped  to  Hamburg.  On  the  strength  of  that 
Germany  prohibited  the  importation  of  live  cattle  from  the  United 
States,  and  these  other  countries  afterwards  took  similar  action. 

Q.  What  action  has  been  taken,  if  any,  on  the  part  of  our  Govern- 
ment to  insure  against  the  disease  of  Texas  fever  in  the  shipments 
from  this  country? — A.  The  inspection  system  of  the  Department  of 
Agriculture  is  believed  to  be  a  very  sure  preventive  of  the  exporta- 
tion of  diseased  cattle.  1  think  there  is  little  danger  of  sending 
diseased  cattle  cut  of  this  country  under  that  system. 

Q.  But  so  far  you  have  not  been  able  to  convince  those  countries 
that  there  is  no  danger? — A.  There  has  been  a  great  deal  of  corre- 
spondence between  our  Government,  through  the  State  Department, 
and  foreign  governments  on  that  subject,  but  it  has  been  very  difficult 
to  convince  them.  I  do  not  know  whether  1  should  say  this  formally 
or  not.  I  should  like  to  say  to  the  committee,  informally,  that  it  is 
believed  to  some  extent  that  the  restrictions  put  upon  our  exports  are 
simply  a  pretext  to  keep  them  out  in  order  to  prevent  competition. 
That  is  one  reason  why  it  has  been  so  difficult  to  get  some  of  these 
restrictions  removed. 

Q.  (By  Mr.  Farquhar.)  Is  the  action  of  Germany  traceable  to  the 
so-called  Agrarian  party,  or  the  Farmers'  party,  in  the  exclusion  of 
the  American  product? — A.  It  is  generally  believed  that  the  Agrarians 
are  back  of  all  these  movements  against  our  products,  and  that  the 
real  object  is  not  so  much  to  protect  the  German  people  from  injury 
through  disease  as  it  is  to  protect  their  products  against  competition. 

Q.  (By  Mr.  A.  L.  Harris.)  Where  is  the  estimate  of  value  placed, 
here  in  this  country  or  where  the  cattle  are  delivered? — A.  In  the  sta- 
tistics I  am  quoting  the  vallie  is  the  declared  value  here. 

Q.  (By  Mr.  Farquhar.)  In  the  American  custom-houses? — A.  In 
the  American  custom-houses.  I  am  now  using  United  States  statistics. 
The  Germans,  in  preparing  their  statistics  of  importation,  take  the  value 
in  their  own  ports,  based  on  the  market  price. 

LARD. 

The  next  product  I  have  on  the  list  is  lard.  The  United  Kingdom 
is  also  the  chief  market  for  our  lard,  Geimany  lunking  second.     A 
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large  part  of  the  lard  is  sent  to  those  two  countries.  During  the 
period  1894-1898  the  United  Kingdom  annually  took  about  194,000,000 
pounds  on  the  average,  the  value  being  about  $13,000,000.  Germany 
took  during  the  same  period  about  144,000,000  pounds,  valued  at 
$9,000,000.  The  United  Kingdom's  proportion  of  our  total  lard  exports 
was  36  per  cent  and  Germany's  27  per  cent.  We  also  shipped  consid- 
erable lard  to  the  Netherlands  and  Belgium.  The  average  yearlj'^  ship- 
ment to  the  Netherlands  was  about  46,000,000  pounds,  with  a  value  of 
$8,000,000;  that  to  Belgium  was  about  33,000,000  pounds,  valued  at 
about  $2,000,000.  The  Netherlands  took  about  8  per  cent  and  Belgium 
about  6  per  cent  of  the  total.  Among  other  countries  to  which  we 
shipped  in  lesser  quantities  were  Cuba,  France,  Brazil,  and  Denmark. 
Q.  (By  Senator  Kyx.b.)  What  percentage  did  France  take? — A. 
France  took  about  5  per  cent. 

FRANCE  AB  A   KARKJET. 

Q.  In  your  list  of  destinations  you  mention  England,  Germany, 
Belgium,  and  the  Netherlands,  and  seldom  ever  include  France  among 
them.  What  is  the  reason  that  France  consumes  such  a  small  proportion 
of  American  products?  Do  they  produce  largely  in  all  these  lines? — 
A.  France,  of  course,  is  to  a  very  large  extent  an  agricultural  nation, 
producing  from  its  own  soil  an  abundant  food  supply,  and  so  we  have 
always  found  it  difficult  to  market  our  agricultural  products  there. 
The  difficulty  is  increased  by  rather  stringent  tariff  legislation  enacted 
in  the  interests  of  French  agriculture.  I  think  there  is  also,  to  a  cer- 
tain extent,  a  prejudice  in  France,  as  in  Germany,  against  some  Amer- 
ican products,  especially  meat  products.  At  any  rate,  it  has  been  the 
history  of  the  trade  that  the  French  have  not  taken  their  proportion 
of  our  meat  products. 

Q.  Not  even  considering  the  question  of  obstruction? — ^A.  I  think 
not. 

HOGB. 

Q.  You  bring  in  the  hog  before  you  got  through,  do  you  not?  I 
would  like  to  have  that  next  to  the  lard;  the  hog  is  a  very  important 
institution  in  this  country. — A.  The  hog  is  certainly  a  very  important 
institution  in  this  countr)"^,  but  it  is  not  sent  out  alive  to  any  consider- 
able extent. 

Q.  Goes  as  pork,  of  course? — ^A.  It  goes  in  the  form  of  pork;  the 
packing  is  done  here.  Our  average  annual  exports  of  live  hogs  dur- 
ing the  five  years  1894-1898  amounted  to  only  about  14,600  in  number; 
the  value  was  about  $144,000.  They  went  chiefly  over  our  borders  to 
Mexico  and  Canada.  We  sent  an  average  of  about  10,000  head  to 
Mexico,  valued  at  about  $115,000;  and  to  Canada  about  2,000  head, 
valued  at  about  $11,000.     We  also  exported  an  average  of  nearly  2,000 
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head  to  the  Hawaiian  Islands,  the  value  being  about  110,000.  Of  the 
total  number  of  hogs  exported,  Mexico  received  67  per  cent,  Canada 
15  per  cent,  and  the  Hawaiian  Islands  13  per  cent. 

FRESH   PORK. 

Our  exports  of  fresh  pork  averaged  only  a  little  over  3,000,000 
pounds  a  year,  and  went  chiefly  to  the  United  Kingdom,  the  shipments 
to  other  countries  being  inconsiderable.  The  total  value  was  about 
$220,000. 

BALTBD  OR  PICKLED  FORK. 

Of  pork,  salted  or  pickled,  we  exported  about  70,000,000  pounds  a 
year,  the  value  being  about  $4,000,000.  Of  this  product  the  United 
Kingdom  took  22  per  cent,  the  amount  being  about  15,000,000  pounds 
and  the  value  Lbout  $1,000,000.  The  remaining  exports  of  salted  or 
pickled  pork  went  chiefly  to  Haiti,  Canada,  British  West  Indies,  Porto 
Kico,  British  Guiana,  and  Germany. 

Q.  Germany  comes  last  in  the  list  in  regard  to  importance? — A.  I 
have  named  only  the  most  important  countries;  there  are  many  other 
countries,  of  course,  of  lesser  importance. 

Q.  Is  Germany  named  in  the  order  of  importance? — A.  Yes;  they 
were  all  named  in  the  order  of  importance. 

Q.  Germany  tailing  the  list? — A.  Germany  took  a  little  over 
3,000,000  pounds  a  year  during  that  period,  the  value  being  about 
$200,000.     Germany's  share  was  less  than  5  per  cent  of  the  total. 

BACON. 

Of  bacon  we  exported  annually  about  490,000,000  pounds  on  an 
average,  and  the  value  was  about  $38,000,000.  The  United  Kingdom 
took  of  this  amount  about  77  per  cent,  or  377,000,000  pounds,  valued 
at  $30,000,000.  We  sent  31,000,000  pounds,  or  about  6  per  cent,  to 
Belgium,  the  value  being  $2,300,000;  to  Germany  we  sent  about  5  per 
cent,  or  23,000,000  pounds,  worth  $1,500,000.  We  shipped  about 
16,000,000  pounds  to  Brazil,  or  slightly  more  that  3  per  cent,  the 
value  being  $1,200,000.  The  Netherlands  took  about  2  per  cent,  or 
11,000,000  pounds,  valued  at  $800,000.  These  five  countries  were  the 
leading  destinations. 

HAMS. 

Of  hams  we  exported  about  137,000,000  pounds  a  year,  the  value 
amounting  to  about  $13,700,000.  The  United  Kingdom  took  111,000,000 
pounds,  valued  at  $11,000,000,  this  being  81  per  cent  of  the  total. 
After  the  United  Kingdom,  Belgium  was  the  most  important  market, 
taking  about  8,800,000  pounds,  valued  at  $860,000,  or  about  6  per 
cent.  We  shipped  about  4,000,000  pounds  a  year  to  Cuba,  the  value 
being  $435,000;  Cuba  took  about  3  per  cent  of  the  total.  To  Germany 
13325 2 
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we  also  sent  about  4,000,000  pounds,  or  3  per  cent,  the  value  being" 
$383,000.  To  Canada  we  sent  about  2  per  cent,  or  3,000,000  pounds, 
worth  $292,000.  The  only  other  country  that  took  hams  to  the  extent 
of  1,000,000  pounds  a  year  was  the  Netherlands,  the  shipments  to  that 
country  averaging  about  1,400,000  pounds,  or  slightly  more  than  1 
per  cent  of  the  total,  the  value  being  about  $147,000. 

OIL  CAKK. 

Another  item  I  mentioned  as  being  of  interest  because  of  the  rapid 
growth  of  its  exportation  was  oil  cake  and  oil-cake  meal.  The  exports 
are  recorded  under  two  heads,  oil  cake  and  oil-cake  meal  made  from 
cotton  seed  and  that  made  from  flaxseed  or  linseed. 

As  to  the  cotton-seed  oil  cake  or  oil-cake  meal,  we  shipped  of  this 
product  annually  during  1895-1898  about  609,000,000  pounds  on  an 
average,  the  value  being  about  $6,400,000.  It  was  sent  chiefly  to  Ger- 
manj^  and  the  United  Eangdom,  the  former  country  taking  about  47 
per  cent  of  the  total,  or  289,000,000  pounds,  valued  at  about  $2,600,000, 
and  the  latter  country,  the  United  Kingdom,  about  27  per  cent,  or 
165,000,000  pounds,  valued  at  $1,400,000.  After  these  two  countries 
the  most  important  market  was  Denmark,  which  took  on  an  average 
about  11  per  cent  of  the  total,  or  66,000,000  pounds,  worth  $585,000. 
To  the  Netherlands  we  sent  57,000,000  pounds,  worth  $518,000,  or 
about  9  per  cent;  to  Belgium  17,000,000  pounds,  worth  $150,000,  or 
about  3  per  cent;  and  to  France  12,000,000  pounds,  worth  $100,000,  or 
about  2  per  cent.  The  shipments  to  other  countries  were  compara- 
tively unimportant. 

Now,  taking  up  flaxseed  oil  cake  and  oil-cake  meal,  we  sent  of  this 
product  to  foreign  markets  about  377,000,000  pounds,  the  value  being 
close  to  $4,000,000.  The  United  Kingdom  received  about  48  percent, 
or  181,000,000  pounds,  valued  at  nearly  $2,000,000;  Belgium  about  26 
per  cent,  or  98,000,000  pounds,  valued  at  $1,000,000;  the  Netherlands 
about  14  per  cent,  or  54,000,000  pounds,  worth  $571,000;  and  France 
5  per  cent,  or  17,000,000  pounds,  valued  at  $172,000.  To  Germany 
we  shipped  12,000,000  pounds,  or  about  3  per  cent,  the  value  being 
$126,000.  We  also  sent  about  3  per  cent  to  the  British  West  Indies, 
which  took  11,700,000  pounds,  worth  $136,000.  These  were  the  most 
important  markets  for  flaxseed  oil  cake  and  oil-cake  meal. 

COTTON-SEED   OIL. 

I  also  mentioned  cotton-seed  oil,  stating  that  the  exports  of  this 
product  amounted  to  about  $12,000,000  in  value  for  the  year  1899. 
The  average  for  the  five  years  1894-1898  was  about  $7,000,000  in  value, 
and  in  quantity  about  25,000,000  gallons.  Of  these  exports,  we  sent 
to  France  6,700,000  gallons,  worth  $1,800,000,  or  about  27  per  cent  of 
the  total. 
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Q.  (By  Mr.  Kennedy.)  There  must  have  been  a  remarkable  growth 
in  the  exportation  of  cotton-seed  oil;  for  the  year  1899  you  say  it 
was  112,000,000,  while  the  average  for  the  five  years  1894-1898  was 
^7,000,000.  Where  did  the  increase  come;  all  along,  or  was  it  remark- 
able for  any  one  or  two  years? — A.  There  was  a  marked  increase  in 
1898  and  1899.  There  was  a  considerable  increase  in  the  preceding 
years,  but  in  the  last  two  years  there  was  a  very  dexjided  increase. 
The  quantity  exported  increased  from  27,000,000  gallons  in  1897  to 
40,000,000  gallons  in  1898  and  to  51,000,000  gallons  in  1899. 

Next  to  France  in  importance  as  a  market  for  cotton-seed  oil  comes 
the  Netherlands,  to  which  country  we  exported  during  1894-1898  an 
average  of  about  5,800,000  gallons  a  year,  or  about  23  per  cent,  the 
value  being  nearly  11,800,000.  After  France  and  the  Netherlands, 
which  took  over  half  of  the  total,  the  principal  markets  were  the 
United  Kingdom,  Germany,  Austria-Hungary,  Mexico,  and  Italy. 
We  sent  to  the  United  Kingdom  about  9  per  cent,  or  2,200,000  gallons, 
worth  $595,000;  to  Germany  about  8  per  cent,  or  2,000,000  gallons, 
worth  $648,000;  to  Austria-Hungary  also  about  8  per  cent,  or  nearly 
2,000,000  gallons,  worth  $572,000;  to  Mexico  about  6  per  cent,  or 
1,500,000  gallons,  worth  $336,000;  and  to  Italy  about  5  per  cent,  or 
1,300,000  gallons,  worth  $382,000.  These  were  the  only  countries  to 
which  we  sent  average  annual  exports  exceeding  1,000,000  gallons. 

OLBO   OIL. 

Another  product  for  which  I  will  give  statistics  of  distribution  is 
oleo  oil.  Our  exports  of  oleo  oil  for  the  five  years  1894-1898  averaged 
about  110,000,000  pounds,  and  the  value  about  $8,357,000. 

Q.  (By  Senator  Kyle.)  What  was  the  average  exportation  of  butter 
during  these  years,  and  also  give  the  valuation. — A.  The  average 
exportation  of  butter  was  18,764,000  pounds  and  the  value  about 
$2,858,000. 

Q.  As  against  110,000,000  pounds  of  oleo  oil  i — A.  Yes.  Of  these 
exports  of  oleo  oil,  the  Netherlands  took  about  60  per  cent,  the^verage 
quantity  being  about  66,000,000  pounds  and  the  value  about  $5,000,000. 
Germany  was  the  second  market  in  importance,  taking  23  per  cent  of 
the  total,  or  about  25,000,000  pounds,  with  a  value  of  about  $1,900,000. 
Our  exports  to  the  United  Kingdom,  which  ranked  third  as  a  mar- 
ket, averaged  8,000,000  pounds,  or  about  7  per  cent,  the  value  being 
$645,000.  To  Sweden  and  Norway  we  sent  about  4  per.  cent,  or 
4,320,000  pounds,  worth  $300,000,  and  to  Denmark  about  3  per  cent, 
or  nearly  3,000,000  pounds,  worth  $233,000.  Belgium  took  slightly 
more  than  1  per  cent,  or  1,400,000  pounds,  the  value  being  $110,000. 
Shipments  to  other  destinations  were  comparatively  small. 

The  oleo  oil  exported  to  the  Netherlands  is  used  chiefly  for  manu- 
facturing oleomargarine,  or  imitation  butter,  which  forms  an  extremely 
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impoi'tant  industry  there.     In  some  of  the  other  countries  I  have 
mentioned  our  oleo  oil  is  used  (|uite  extensively  for  the  same  purpose. 

EXPORTS  OF  DAIRY    PRODUCTS. 
DECREASE  OF   AMERICAN   BUTTER   EXPOBTB. 

Q.  (By  Mr.  A.  L.  Harris.)  You  may  state,  if  you  can,  what  effect 
this  increase  in  the  export  of  oleo  oil  had  on  the  dairy  interests  of  the 
country. — A.  I  was  about  to  refer  to  the  exportation  of  the  dairy- 
products,  butter  and  cheese,  as  presenting  the  most  striking  example 
of  decline  in  our  agricultural  export  trade.  I  have  tried  to  cover  some 
of  the  most  important  instances  of  increase  in  the  products  I  have 
already  mentioned.  Butter  and  cheese  present  the  most  striking  cases 
of  loss,  and  to  illustrate  the  falling  off  that  has  occurred  I  wish  to  give 
a  few  figures  from  our  export  records.  Going  back  to  1880  we  find 
that  there  was  an  annual  export  of  nearly  40,000,000  pounds  of  but- 
ter. I  will  give  the  exact  figures,  which  are  39,237,000  pounds, 
valued  at  $6,691,000.  That  year  represented  about  the  height  of  our 
export  trade  in  butter.  In  1890  the  exports  were  29,748,000  pounds, 
valued  at  $4,187,000,  a  decline  of  nearly  10,000,000  pounds  for  the 
decade.  In  1896  our  exports  had  dropped  as  low  as  5,599,000  pounds, 
valued  at  $916,000.  That  was  about  the  low-water  mark  in  our  but- 
ter export  trade.  For  the  last  two  or  three  years  the  trade  has  been 
picking  up  a  little.  In  1899  we  exported  about  20,248,000  pounds, 
worth  $3,264,000. 

Q.  (By  Senator  Kyle.)  Still  very  much  less  than  in  1890? — ^A.  Only 
about  one-half  what  we  exported  twenty  years  ago. 

CAUSES  OP   DECREASE   OP  AMERICAN   BUTTER   EXPORTS. 

Q.  (By  Mr.  A.  L.  Harris.  )  Is  that  quantity  accounted  for  solely  on 
account  of  the  increase  of  the  export  of  oleo  oil? — A.  No. 

Q.  To  what  other  cause  can  you  attribute  that  falling  off? — ^A.  Of 
course  the  increase  in  the  production  of  imitation  butter  and  its 
increased  consumption  abroad  have  naturally  affected  the  consumption 
of  butter,  but  they  have  not  caused  this  great  falling  off  in  our  export 
trade.  In  spite  of  the  increased  consumption  of  butter  substitutes 
there  has  been  an  increased  exportation  of  butter  from  most  of  the 
dairy  countries.  They  have  increased  their  trade  while  ours  has  been 
dropping  off.  The  chief  cause  of  this  decline  is  found  in  the  unfor- 
tunate management  of  our  export  trade.  The  chief  cause  of  the  decline 
was  the  inferior  grade  of  butter  that  our  exporters  sent  to  foreign 
markets,  and  especially  to  the  United  Kingdom,  which  is  our  chief 
butter  market.  After  we  had  established  a  trade  of  considerable 
importance  and  created  a  fair  reputation  for  our  butter  in  the  foreign 
market,  unscrupulous  exporters  began  to  take  advantage  of  the  situa- 
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tion  to  dispose  of  inferior  butter,  and  the  lack  of  any  Government 
inspection  of  export  butter  in  this  country  made  it  possible  for  them 
to  ship  almost  any  kind  of  butter.  What  I  suppose  3'ou  might  call 
adulterated  butter — process  butter — renovated  butter — they  were  able 
to  label  as  they  pleased,  and  large  quantities  began  to  be  sent  to  the 
English  markets,  and  this  naturally  brought  the  American  butter  as  a 
whole  into  disrepute.  I  should  have  said  in  the  first  place  that  as  a 
rule  we  did  not  send  our  best  buttei-s  to  the  British  market;  inferior 
^ades  that  could  hot  be  readily  disposed  of  in  our  domestic  market 
were  sent  abroad  in  large  quantities,  and  it  is  generally  admitted  that 
this  was  the  cause  of  the  loss  of  our  export  trade  in  butter. 

Q.  Any  recent  tariff  discriminations,  or  anything  of  that  kind? — 
A.  No.  Our  chief  market,  you  see,  is  the  United  Kingdom,  where 
butter  is  admitted  free  of  duty. 

INCREA8B  OF   DANISH   BUTTBR  EXPORTS. 

In  contrast  to  this  decline  in  our  own  export  butter  trade  was  the 
experience  of  certain  other  butter-exporting  countries,  and  especially 
Denmark.  In  1880,  the  first  year  I  referred  to  as  regards  our  own 
exportations,  the  Kingdom  of  Denmark  exported  about  27,498,000 
pounds  of  butter,  having  a  value  of  about  $6,305,000.  By  1890  the 
Danish  exports  had  increased  to  98,373,000  pounds,  worth  $20,808,000. 
In  1898,  the  last  year  for  which  we  have  their  export  returns,  Den- 
mark exported  160,143,000  pounds,  worth  $34,576,000. 

Q.  Where  did  Denmark  find  the  market  chiefly 'if — A.  Denmark 
sends  her  butter  almost  exclusively  to  the  British  market — ^the  great- 
est butter  market  of  the  world.  Denmark  caters  to  that  market,  and 
makes  her  butter  with  a  special  reference  to  its  requirements.  Only 
a  very  small  per  cent  of  Danish  butter  goes  to  other  destinations. 

Q.  What  percentage  of  the  oleo  oil  does  Denmark  take? — A.  About 
3  per  cent. 

Q.  Our  people,  then,  have  discredited  their  own  product? — A. 
Exactly. 

GOVERNMENT  SUPERVISION   IN    DENMARK. 

The  butter  export  trade  of  Denmark  is  practically  under  Govern- 
ment supervision.  It  has  been  the  policy  of  the  Danish  Government, 
first  of  all,  to  establish  a  reputation  for  its  products  in  foreign  markets, 
and  then  to  compel  its  producers  and  exporters  to  maintain  the  high 
standard  of  those  products. 

Q.  Please  state  how  they  succeed  in  enforcing  that  requirement. 
Do  they  have  inspections  at  the  borders? — A.  Yes;  the  butter  for 
export  is  carefully  inspected,  under  the  direction  of  the  Royal  Agri- 
cultural Society,  acting  for  the  Government,  and  no  butter  is  allowed 
to  go  out  of  Denmark  that  does  not  come  up  to  the  required  standard. 
It  is  a  remarkable  fact  that  Danish  export  butter  is  all  of  one  grade. 
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The  importei*s  in  England  simply  give  an  order  for  so  much  *''  Danish 
butter^'  at  the  market  quotation.  This  fact  speaks  volumes  for  the 
character  of  the  product  that  is  shipped  from  Denmark. 

Q.  (By  Senator  Kyle.)  Very  similar  to  our  buying  the  Elgin  butter 
in  this  country,  is  it  not? — A.  Somewhat  similar  to  that,  perhaps. 

VALUE  OF  GOVERNMENT  CERTIFICATE. 

Q.  Elgin  creamery  butter — people  know  what  that  means  when  they 
ask  for  it  and  pay  for  it? — A.  Yes;  but  in  the  case  of  Danish  exported 
butter  the  British  purchaser  practically  has  a  Government  guaranty 
that  the  butter  will  be  of  a  certain  grade  and  up  to  a  certain  standard. 

Q.  What  have  you  to  say  in  reference  to  the  United  States  inspec- 
tion ? — A.  We  do  not  have  any  such  thing  as  regards  export  butter, 
and  that  is  the  great  difficulty;  that  is  exactly  what  we  need.  I  be- 
lieve we  should  have  a  system  of  Government  inspection  for  dairy 
products  similar  to  that  applied  to  our  meat  exports;  and,  in  fact,  our 
Secretary  of  Agriculture,  Mr.  Wilson,  in  his  last  annual  report  rec- 
ommended that  such  a  system  be  established,  requiring  our  export 
butter  to  be  inspected  and  labeled  as  to  grade  and  sent  abroad  with  the 
Government  certificate  upon  it,  guaranteeing  to  the  foreign  purchaser 
that  the  butter  is  of  the  grade  claimed  by  the  exporter,  and  thus  pre- 
venting the  fraud  now  possible  in  the  exportation  of  this  product. 

Q.  And  that  it  is  butter  and  not  oleomargarine? — A.  Certainly. 

Q.  It  would  be  a  very  good  thing  if  we  could  get  the  same  guaranty 
for  the  American  consumer? — A.  Yes. 

INCREASE  OF  BUTTElf  EXPORTS   FROM   CANADA. 

In  Canada  they  are  adopting  a  policy  very  similar  to  that  in  vogue 
in  Denmark. 

Q.  (By  Mr.  Kennedy.)  AVhere  does  the  Canadian  butter  go? — A. 
It  also  goes  chiefly  to  England. 

Q.  (By  Mr.  Farquhar.)  How  many  years  is  it  since  Canadian  butter 
and  cheese  have  run  American  butter  and  cheese  out  of  the  English 
market? — A.  I  spoke  of  1880  as  being  within  the  period  of  our  greatest 
development  in  the  butter  trade. 

Q.  That  was  the  high-water  mark? — A.  As  regards  butter,  yes.  I 
do  not  refer  to  Canada  as  a  competitor  in  the  butter  export  trade 
especially.  It  is  in  the  cheese  export  trade  that  we  have  lost  to  Canada. 
The  Danes  have  developed  the  butter  export  business  much  more 
extensively  than  Canada,  although  latterly  the  Canadians  are  taking 
steps  to  push  their  butter  export  business,  just  as  they  have  been  doing 
with  the  cheese  export  business. 

Q.  Can  you  give  figures  to  show  how  far  the  Canadians  have  come 
into  the  United  States  market  with  butter  product,  even  as  against  the 
tariff? — A.  Only  to  a  very  small  extent.  I  have  not  the  exact  figures 
here.    Their  total  exports  of  butter  are  not  large,  however,  although 
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they  are  now  beginning  to  develop.  In  1899  Canada  exported  to  all 
destinations  about  20,000,000  pounds  of  butter,  the  value  being  about 
^,700,000.  In  1890  very  little  export  business  was  done,  less  than 
2,000,000  pounds  going  abroad.  The  Canadian  trade  fell  off  at  al)out 
the  same  time  as  that  of  the  United  States. 

Q.  And  fell  off  for  the  same  reason? — A.  Presumably  the  same, 
although  I  have  not  looked  into  that  matter  so  carefully. 

I  will  quote  now  the  1880  figures  for  Canada.  In  that  year  Canada 
exported  18,535,000  pounds  of  butter,  worth  about  $3,000,000.  In 
1890,  as  I  have  said,  the  shipments  dropped  to  less  than  2,000,000 
pounds,  the  value  being  only  $^340,000.  In  1899,  under  the  measures 
taken  to  reestablish  the  butter  export  business,  the  amount  shipped 
came  up  to  about  20,000,000  pounds.  In  other  words,  the  Canadians 
export  about  as  much  now  as  in  1880.  That  is  the  history  of  their 
trade.  Their  efforts  to  push  the  butter  export  business  are  compara- 
tively recent,  much  more  so  than  their  efforts  to  push  the  cheese 
export  trade.  They  are  now  taking  measures  similar  to  the  Danish 
methods  to  put  their  butter  into  the  British  market,  and  that  is  one 
reason  why  it  is  very  important  for  us  to  take  some  such  measures. 

(At  this  point  the  commission  took  a  recess  until  2  o'clock,  and 
requested  Mr.  Hitchcock  to  continue  his  testimony  at  10  a.  m.  Friday, 
June  15,  1900,  at  which  time  the  hearing  was  continued  as  follows:) 

SUMMABY  OF  PRECEDING  TESTIMONY. 

Q.  (By  Mr.  A.  L.  Harbis.)  Professor,  the  other  day  you  were  tes- 
tifying in  regard  to  the  decline  of  dairy  products.  Have  you  anything 
more  to  say  in  regard  to  the  cause  of  the  decline  in  dairy  products? — 
A.  I  called  attention  to  the  fact  that  there  was  a  very  remarkable  fall- 
ing off  in  our  exports  of  butter,  beginning  soon  after  1880,  when  the 
ti*ade  had  reached  its  high-water  mark.  I  explained  that  this  decline 
was  largely  due  to  the  shipment  of  an  inferior  and  in  some  cases  an 
adulterated  product.  In  contrast  to  the  falling  off  in  our  own  export 
trade  in  butter  I  mentioned  the  remarkable  development  of  the  export 
trade  of  Denmark,  where  it  has  been  the  policy  to  permit  the  ship- 
ment of  no  inferior  products.  The  Danes  started  in  to  establish  a 
reputation  for  their  butter,  and,  having  established  it,  they  took 
measures  to  maintain  it,  and  the  result  has  been  the  remarkable  growth 
of  trade  that  I  set  forth  statistically.  I  also  mentioned  the  fact  that 
Canada  has  recently  taken  measures  to  extend  her  export  trade  in 
butter,  and  with  marked  success. 

INCREASE  OP  BUTTER  EXPORTS  FROM   AUOTRALAfllA. 

I  wish  also  to  mention  the  case  of  the  Australasian  colonies  of  Great 
Britain.  The  butter  exports  from  these  colonies  to  the  United  King- 
dom, which  is  their  chief  market,  increased  from  less  than  4,000,000 
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pounds  in  1889  to  over  40,000,000  pounds  in  1899.  In  Australasia 
measures  similar  to  those  carried  out  in  Denmark  have  been  adopted, 
and  results  almost  as  notable  in  the  way  of  increased  trade  have 
followed. 

INCHEASB  OF  BUTTER  EXPORTS  FROM  OTHER  CX>nNTBIBB. 

Other  countries  that  have  developed  an  important  export  trade  in 
butter  within  the  last  decade  are  Sweden  and  Finland.  These  coun- 
tries produce  a  butter  that  is  practically  the  same  as  Danish  butter, 
and  they  are  shipping  it  now  to  the  British  market  in  increasing  quan- 
tities each  year.  I  should  explain  that  quite  a  large  quantity  of  this 
butter  from  Sweden  and  Finland  has  hitherto  gone  to  Denmark,  being 
practically  the  same  thing  as  Danish  butter,  and  a  considerable  por- 
tion of  it  has  undoubtedly  been  reexported  by  the  Danes  as  their  own 
butter,  with  which  it  is  to  all  practical  purposes  identical.  Even 
Russia  is  also  beginning  to  develop  an  export  trade  in  butter.  The 
Baltic  provinces,  especially,  are  giving  their  attention  to  this  industry, 
and  are  taking  active  measures  to  develop  it — measures  similar  to  those 
taken  by  Denmark.  The  Russians  are  engaging  Danish  experts  to 
install  their  creameries  and  to  instruct  their  butter  makers.  Already 
they  are  beginning  to  ship  a  high  grade  of  butter,  some  of  which  is 
sent  to  the  British  market,  and  finds  there  a  ready  sale. 

These  various  countries,  none  of  which  has  greater  dairying  possi- 
bilities than  the  United  States,  are  thus  developing  and  widening  their 
export  trade  in  this  commodity,  while  we,  because  of  our  unbusiness- 
like methods,  have  been  losing  the  little  export  business  that  we  for- 
merly possessed.  I  believe  that  this  product  as  a  factor  in  our  export 
trade  should  receive  special  attention.  I  think  it  would  be  profitable 
to  take  measures  to  develop  an  export  trade  in  butter. 

RBOOMMENDATION   OF   INSPECTION. 

Q.  Could  that  be  best  accomplished  by  legislation,  or  do  you  think 
voluntary  associations  could  bring  about  the  result? — A.  I  think  that 
legislative  aid  would  be  of  great  assistance.  I  am  strongly  in  favor  of 
official  inspection  of  exported  butter.  I  think  that  is  the  most  feasi- 
ble plan  for  preventing  the  shipment  of  inferior  produce. 

Q.  You  would  recommend  an  inspection  similar  to  that  that  is  now 
required  for  our  meat  products? — A.  Yes;  the  same  system  could  be 
extended  so  as  to  include  butter  and  other  dairy  produce.  As  I  stated 
at  the  last  hearing,  the  Secretary  of  Agriculture  has  made  the  recom- 
mendation that  butter  and  cheese  and  milk  for  export  be  subjected  to 
an  official  inspection,  that  a  grade  be  established,  and  that  produce  that 
comes  up  to  that  grade  be  certified  to  by  the  Government  inspector, 
labeled,  and  the  Government  certificate  placed  upon  it  as  a  guaranty 
to  the  foreign  importer  of  its  quality.  Such  a  measure  is  very  strongly 
recommended  by  the  Department,  and  I  think  that  it  would  meet  with 
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the  approval  of  the  dairying  industry.  Some  inquiries  have  been  made 
in  this  regard  and  the  general  feeling,  as  far  as  tested,  seems  to  be  in 
favor  of  Government  inspection  for  these  products. 

DANISH    METHODS   WITH    BUTTER. 

Q.  (BvMr.  Farquhar.)  Are  you  through  with  the  butter? — A.  Not 
fully. 

Q.  Has  the  Department  of  Agriculture  made  any  investigation  as  to 
the  process  of  manufacturing  butter  in  Denmark  and  Sweden  in  com- 
parison with  America  and  Canada? — A.  Yes. 

Q.  Have  you  any  sufficient,  obtainable  reports  to  show  the  difference 
in  the  quality  of  the  milk  and  cream  that  enters  into  the  manufacture 
of  the  butter? — A.  Several  years  ago  the  Department  sent  a  special 
agent  to  Denmark  to  investigate  the  dairying  industry.  The  agent  was 
commissioned  toward  the  close  of  Secretary  Rusk's  administration,  as 
I  i-emember.  He  went  to  Denmark  and  spent  several  months  there 
investigating  the  dairy  methods,  and  afterwards  made  a  very  thorough 
and  comprehensive  report,  which  was  published  in  the  last  Adminis- 
tration. The  Department  has  not  made  similar  investigations  in  the 
other  countries  you  have  mentioned. 

Q.  Was  the  Denmark  manufacture  at  that  time  as  far  progressed  as 
it  is  now,  as  perfect? — A.  Probably  not  as  perfect,  because  the  Danes 
are  perfecting  their  system  every  year,  but  it  had  reached  a  condition 
that  made  it  rank  as  the  foremost  in  the  world.  The  Danes  are 
regarded  as  the  pioneers  to  a  certain  extent  in  butter  production  by 
modern  methods.  They  have  been  the  models,  not  only  as  regards 
production,  but  as  regards  export  methods,  for  these  various  other 
countries  I  have  mentioned — these  countries  that  are  now  developing 
very  rapidly  an  export  trade  in  butter. 

Q.  Do  you  know  whether  the  Danish  butter  is  made  from  the  sour 
cream  or  just  simply  from  the  milk  after  having  exti'acted  the  cream 
from  it,  what  we  call  the  body  of  the  milk? — A.  I  am  not  an  expert  in 
the  dairy  business,  but  I  understand  that  the  Danish  butter  is  made 
almost  altogether  from  pasteurized  cream;  a  very  large  percentage  of 
the  Danish  butter  is  pasteurized,  and  to  that  fact  is  attributed  its 
remarkable  uniformity. 

Q.  In  other  words,  it  is  a  cream  butter? — A.  Oh,  yes;  it  is  a  cream 
butter. 

OPPORTUNITY    FOR    INCREASING    AMERICAN    BUTTER    EXPORTS. 

Q.  Is  it  possible  under  any  inspection  for  the  American  butter  to 
compete  with  the  cream  butter  of  Europe?  Has  the  Department  dis- 
covered that,  or  has  it  gone  into  the  investigation  of  it? — A.  The 
Department  thinks  it  is  possible  for  us  to  put  a  butter  into  the  British 
market  that  is  equal  in  quality  to  the  Danish. 

Q.  Certainly,  provided  that  they  take  the  same  class  of  cream  to 
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make  the  butter,  but  no  other  way  'i — A.  Of  course,  it  goes  without 
saying  that  they  would  have  to  use  an  equally'  good  material. 

Q.  Is  it  not  a  fact  that  you  have  investigated  that  really  the  Ameri- 
cans are  putting  a  butter  there  that  has  not  the  full  fatty  substance  of 
butter  and  is  not  perhaps  equal  to  the  cream  butter  of  Europe,  to  the 
English,  Scotch,  Irish,  or  Danish? — A.  In  the  past  that  was  the  great 
difficulty  with  our  export  tmde.  Our  butter  was  often  of  an  inferior 
quality.     That  can  not  be  denied. 

Q.  Inspection  would  not  improve  it? — A.  Inspection  would  not 
improve  the  inferior  butter,  but  the  idea,  as  I  understand  it,  is  to 
establish  a  high  grade.  Butter  that  reaches  that  grade  will  carry  a 
certificate.  Inferior  butter  will  go  without  a  certificate.  The  foreign 
importer,  knowing  that  we  are  certifying  to  the  grade  of  high-class 
butter,  will  naturally  demand  butter  bearing  such  certificate.  The 
inferior  butters  will  therefore  be  at  a  gi'eat  disadvantage.  At  present 
they  are  not  at  such  a  disadvantage,  for  the  reason  that  neitJier  the 
inferior  nor  the  best  butter  bears  any  distinctive  label  or  anything  to 
guarantee  that  one  is  inferior  and  the  other  high  grade. 

UNIFORM   QUALITY   OF   DANISH    BUTTER. 

Q.  All  the  Danish  butter  is  labeled  in  the  London  market? — ^A.  All 
the  Danish  butter  that  is  exported  is  of  a  certain  grade,  a  high-grade 
butter.  It  is  called  Danish  butter;  it  is  purchased  in  England  simpl}' 
as  Danish  butter.  The  English  buyer  merely  orders  so  many  pounds 
or  casks  of  Danish  butter,  and  that  is  the  extent  of  the  contract.  He 
pays  the  price  quoted  in  the  market  on  the  day  of  his  purchase. 

PRICES   OF  BUTTER   IN    ENGLAND. 

Q.  Are  you  aware  that  there  is  a  very  wide  difference  in  the  price 
of  butters,  between  the  high-grade  British  and  Danish  and  the  ordi- 
narv  American  and  Canadian  ? — A.  There  is  a  difference  of  3  or  4  cents 
a  pound. 

Q.  Do  you  mean  pennies  or  cents? — ^A.  I  mean  cents;  lam  quoting 
in  United  States  money.  There  is  a  difference  of  3  or  4  cents  a  pound. 
The  import  price  in  England  of  Danish  butter  in  1899  was  23  cents  a 
pound.  That  was  the  average  import  price  of  all  the  Danish  butter 
sent  into  the  United  Kingdom  during  the  calendar  year  1899. 

Q.  That  is  what  is  called  11  pence  half -penny  a  pound,  British 
figures? — A.  The  price  averaged  22.95  cents  for  the  entire  year,  but 
the  quotation  would  naturally  vary  somewhat  from  day  to  day. 

For  the  same  year,  the  calendar  year  1899,  the  butter  imported  into 
the  United  Kingdom  from  the  United  States  averaged  19.2  cents  per 
pound,  and  the  Canadian  butter  imported  into  the  United  Kingdom 
averaged  19.4  cents  per  pound.  In  that  year  the  Canadian  brought  a 
trifle  more  than  the  United  States  butter;  but  you  see  there  is  a 


FOREIGN  MARKETS  FOR  AMERICAN  AGRICULTURAL  PRODUCTS.       27 

difference  of  nearly  4  cents  between  the  price  of  the  Danish  and  the 
United  States  and  Canadian  butter. 

Q.  Is  it  not  also  a  fact  that  the  Danish  butter  holds  its  price  in  the 
market  almost  against  any  changes,  and  it  is  a  veiy  high  price,  while 
there  are  fluctuations  in  the  butter  that  comes  from  the  United  States 
and  Canada  ? — A.  The  Danish  butter  is  noted  l^ecause  of  its  unifonnity ; 
the  high  price  is  uniformly  maintained.  I  do  not  mean  to  say  that  the 
same  price  is  maintained,  but  1  mean  to  say  that  Danish  butter  has  a 
high  price  always,  as  compared  with  the  price  of  other  butter.  The 
Danish  butter  brings  the  highest  price  of  any  butter  imported  into  the 
United  Kingdom,  except  the  fresh  butter.  The  fresh  butter  that 
comes  in  from  Normandy  brings  a  higher  price,  of  course,  but  that  is  a 
peculiar  trade.  The  Normand}'  butter  comes  in  within  twenty-four 
hours  from  the  churn,  and  is  perfectly  fresh.  It  is  unsalted,  while 
the  Danish  butter,  like  the  other  imported  butters,  is  a  salted  butter. 

EXPORTS  OF   dTBEBB   FROM   THE   UNITED   STATES   AND   FROM   CANADA. 

Q.  (By  Mr.  A.  L.  Harris.)  Do  the  same  conditions  exist  in  regard 
to  cheese,  substantially,  that  you  have  described  in  regard  to  butter? — 
A.  In  our  exportation  of  cheese  we  have  had  pi^actically  the  same 
experience  as  that  described  for  our  butter  export  trade.  In  1881  our 
exports  of  cheese  reached  the  highest  figures  ever  attained,  amounting 
to  147,996,000  pounds,  having  a  value  of  $16,380,000.  From  that  time 
the  exports  declined.  In  1890  they  had  fallen  to  95,376,000  pounds, 
valued  at  $8,591,000;  and  in  1899  they  amounted  to  only  38,199,000 
pounds,  valued  at  $3,316,000.  During  the  past  twenty  years  there  was 
a  loss  of  over  100,000,000  pounds  in  our  export  tmde  in  cheese,  and 
the  reason  for  this  was  essentially  the  same  as  that  given  for  the 
decline  in  our  exportation  of  butter,  namely,  the  shipment  of  an 
inferior  product,  chiefly  the  shipment  in  large  quantities  of  so-called 
filled  cheese.  Soon  after  1880  it  became  the  practice  to  export  filled 
cheese.  This  adulterated  product  was  sent  abroad  in  the  guise  of  first- 
class  or  full-cream  cheese.  The  result  was  that  the  British  purchaser 
very  soon  discovered  that  he  was  being  defrauded.  The  inferior 
quality  of  the  filled  cheese  soon  became  known  in  the  British  market 
and  our  ti'ade  began  to  fall  off.  Our  export  trade  in  cheese  was  lost 
to  Canada,  where  measures  were  taken  to  prevent  such  an  experience. 
The  Canadian  government  not  only  prevented  the  manufacture  of 
filled  cheese,  but  took  measures  to  improve  the  quality  of  the  Canadian 
product  and  to  secure  its  ready  sale  in  the  British  market.  They  saw 
an  opportunity  to  establish  a  trade  when  that  of  the  United  States 
began  to  fall  off,  and  they  made  the  most  of  it,  as  is  shown  in  a  strik- 
ing manner  by  their  export  figures.  In  1880  Canada  shipped  abroad 
40,369,000  pounds  of  cheese,  valued  at  $3,893,000.  In  1890  the  trade 
had  increased  to  94,260,000  pounds,  having  a  value  of  $9,372,000. 
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During  the  past  year,  1899,  the  exports  of  cheese  from  Canada  reached 
the  enormous  total  of  189,828,000  pounds,  having  avaiue  of  $16,777,000. 
In  the  space  of  twenty  years  the  Canadians  increased  their  shipments 
from  about  40,000,000  to  nearly  190,000,000  pounds. 

CAUSE  OF   INCRBASB  OF  CANADIAN  CHBBBB  BXPOKTB. 

Q.  How  do  you  account  for  that  enonnoiLS  increase  on  the  part  of 
the  Canadian  export  of  cheese  'i — A.  That  increase  is  accounted  for  very 
largely  by  measures  taken  by  the  Canadian  government  to  develop  the 
cheese  industry  and  to  establish  an  export  trade.  The  Canadian  gov- 
ernment began  by  helping  the  manufacturers.  It  gave  liberal  bonuses 
for  the  building  of  factories  and,  under  the  supervision  of  the  ministry 
of  agriculture,  established  a  system  of  instruction  and  inspection  that 
brought  about  a  I'apid  improvement  in  the  methods  of  cheese  produc- 
tion. As  the  surplus  above  domestic  requirements  increased,  the  gov- 
ernment took  measures  to  place  that  surplus  in  the  foreign  market  by 
securing  for  the  exporters  favorable  transportation  facilities.  And 
while  I  am  discussing  what  has  been  done  by  the  Canadian  government 
for  the  cheese  export  trade,  I  wish  to  include  also  the  export  trade  in 
butter,  because  the  measures  taken  by  Canada  for  the  shipment  of 
butter  and  cheeso  natumlly  go  hand  in  hand. 

INSPECTION  OF  CHEESE   FOR  EXPORT. 

Q.  There  is  a  possibility,  then,  of  having  a  system  of  inspection  that 
would  insure  a  pure  cheese? — A.  The  inspection  system  that  I  spoke  of 
would  be  particularly  valuable  in  the  case  of  cheese,  for  the  reason 
that  no  filled  cheese  would  go  out  as  honest  cheese  under  the  Govern- 
ment certificate.  The  probability  is  that  after  the  system  of  inspection 
had  become  introduced  the  filled  checvse  exported  would  be  at  such  a 
great  disadvantage  without  a  certificate  that  it  could  not  maintain  its 
market  as  it  does  now. 

Q.  Would  this  inspection  be  at  the  factory? — A.  The  inspection 
would  probably  be  in  part  at  the  factory,  just  as  the  meat  inspection  is 
in  part  at  the  packing  house. 

DEVELOPMENT  OF  BUTTER  EXPORTS  BY  CANADA. 

I  said  that  the  Canadian  government  has  assisted  in  the  establish- 
ment of  cheese  factories  by  giving  liberal  bonuses,  and  I  can  also  say 
that  it  has  done  the  same  as  regards  the  manufacture  of  butter.  It 
has  not  only  done  that,  but  it  has  established  a  system  of  cold-storage 
transportation  from  the  factory  or  the  creamery  to  the  foreign  market. 
The  measures  for  the  development  of  the  butter  export  trade  began  to 
be  taken  in  1895,  I  think.  The  Canadian  government  offered  a  bonus 
of  $100  to  creameries  that  should  install  and  maintain  cold-storage 
facilities  in  connection  with  their  creameries.     This  $100  was  to  be 
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I)aid  during  a  period  of  three  years,  $60  the  first  3'ear,  $25  the  second, 
and  $26  the  third.  The  government  also  secured  cold-storage  facilities 
upon  railroads,  so  that  the  butter  after  being  cooled  at  the  creameiy 
would  go  directly  into  a  refrigerator  car  for  safe  transportation  to  the 
point  of  ocean  shipment.  At  the  terminal  of  the  railroad  the  govern- 
ment established  a  cold-storage  warehouse  in  order  that  the  butter 
could  be  safely  kept  between  the  time  of  reaching  the  railway  terminal 
and  the  loading  upon  the  ship.  The  government  also  secured  refrig- 
eration service  on  steamship  lines  to  the  British  poi-ts.  This  cold- 
storage  system  was  installed  according  to  instructions  prepared  by  the 
department  of  agriculture,  and,  in  some  cases  at  least,  Parliament 
defrayed  the  expense  of  installation.  To  give  the  trade  a  start,  the 
government  contracted  with  the  steamship  companies  for  cold-storage 
space,  put  in  the  necessary  refrigerator  chambers,  and  then  guaranteed 
to  the  steamship  company  the  full  freight  charges  for  the  service. 
Under  these  conditions  very  favorable  transportation  rates  were  pro- 
cured, and  as  the  initial  expense  was  borne  partly  by  the  government, 
it  was  possible  for  the  Canadian  producers  to  send  their  dairy  products 
to  the  British  market  at  very  low  rates.  In  this  manner  a  great  induce- 
ment to  exportation  was  offered. 

The  government  also  watched  very  carefully  the  quality  of  the 
product  shipped,  issued  instructions  as  to  methods  of  packing,  brand- 
ing, labeling,  etc.,  and,  in  fact,  practically  supervised  the  entire 
exportation.  Numerous  trial  shipments  were  also  made  by  the  gov- 
ernment, the  government  purchasing  the  produce  and  sending  it  over 
and  disposing  of  it  through  its  own  agents  abroad.  I  might  mention, 
too,  that  other  than  dairy  products  were  shipped  experimentally. 
Canadian  fruits,  for  instance,  were  sent  abroad  in  trial  shipments. 

BXPBRIMENTAL  SHIPMENTS  OF  BUTTEB. 

Q.  (By  Mr.  Kennedy.)  Is  it  your  belief  that  if  America  is  to  com- 
pete with  Canada  for  this  trade  in  foreign  markets  we  must  copy  the 
methods  of  the  Canadian  government? — A.  I  do  not  think  that  it  will 
be  necessary  for  us  to  do  what  the  Canadian  government  has  done  as  a 
whole.  The  Canadian  government  has  gone  pretty  far  in  the  matter. 
1  believe  that  if  the  trade  can  once  be  given  a  fair  start  and  the  Ameri- 
can producer  convinced  that  there  is  a  profit  in  it  the  facilities  will  be 
forthcoming.  The  producers  themselves  will  take  the  necessary  action 
to  get  the  required  transportation  facilities.  But  first  of  all  it  is 
important — ^it  is  necessary — to  show  that  there  is  a  possibility  of 
establishing  such  a  trade  on  a  profitable  basis.  The  initial  experi- 
ments can  very  properly  be  made  by  the  Government;  and,  in  fact, 
they  are,  in  a  small  way,  now  being  inaugurated.  The  United  States 
Department  of  Agriculture,  by  direction  of  Secretary  Wilson,  has 
been  making  experimental  shipments  of  butter  during  the  last  two  or 
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three  years,  and  with  considerable  success.  We  began,  in  18D7,  to 
send  high-grade  American  butter  in  small  lots  to  the  British  market. 
The  Department  purchased  this  butter  from  leading  creameries  in  sev- 
eral States.  In  1897,  lots  were  procured  from  eleven  different  States, 
I  believe,  such  creameries  being  chosen  as  had  made  a  favorable  repu- 
tation for  their  butter.  Under  directions  from  the  Department,  this 
butter  was  put  up  in  the  form  thought  to  be  best  suited  to  the  require- 
ments of  the  British  market,  not  only  as  regards  quality  but  as  regards 
packing.  The  butter  preferred  in  the  British  market  is  a  mild  butter, 
lighter  than  ours  in  color,  and  with  less  salt,  and  the  butter  sent 
abroad  was  so  made.  It  was  packed  in  a  variety  of  packages,  experi- 
mentally, in  order  to  ascei*tain,  as  far  as  possible,  what  packages  would 
be  most  desirable  for  future  use.  As  a  result  of  the  experiments  in 
the  first  year,  the  Department  adopted  for  subsequent  shipments  a 
cubical  box  similar  to  the  Australian  box,  but  tapering  slightly  from 
top  to  base,  in  order  to  facilitate  unpacking  the  butter.  Aside  from 
the  taper  it  is  identical  in  size  and  shape  with  the  standard  Australian 
box  that  is  in  such  favor  in  the  British  market. 

Trial  exports  have  been  continued  during  the  past  year,  some  of  the 
shipments  going  to  new  destinations.  Butter  has  recently  been  shipped 
to  the  Orient  to  some  extent.  Experimental  shipments  were  first  sent 
to  London,  then  to  other  English  cities,  and  later  to  Paris.  It  is,  of 
course,  only  the  beginning  of  experimentation  in  this  line,  but  I  think 
I  can  say  that  the  result  has  been  on  the  whole  highly  satisfactory. 
We  have  convinced  the  British  butter  merchants,  to  some  extent  at 
least,  that  a  high  grade  of  butter  can  be  made  in  the  United  States, 
butter  that  is  equal  to  the  best  butters  imported  from  other  countries. 
That,  of  course,  was  the  chief  object  of  the  experiment — to  show  the 
British  consumer  that  all  American  butter  was  not  inferior,  but  that,  on 
the  contrary,  we  were  making  here  a  first-class  article.  These  experi- 
mental shipments  of  butter  will  probably  be  extended,  and  further 
beneficial  results  are  hoped  for. 

ARTIFICIAL   BUTTER   IN   BFROPB. 

Q.  I  infer  from  what  you  said  the  other  day  about  the  large  ship- 
ments to  the  Netherlands  of  certain  ingredients  which  entered  into  the 
manufacture  and  composition  of  imitation  butter  that  there  must  be  a 
large  manufacture  of  imitation  butter  at  certain  points  in  Europe. 
Can  you  say  where  that  imitation  butter  finds  a  markets — A.  The 
manufacture  of  oleomargarine,  or  artificial  butter,  is  carried  on  most 
extensively  in  the  Netherlands.  The  exports  from  the  Netherlands 
exceed  100,000,000  pounds  a  year.  Of  these  exports  by  far  the  largest 
part  goes  to  the  United  Kingdom,  while  the  remainder  is  distributed 
quite  generally  over  Europe  and  also  to  some  extent  through  tropical 
countries. 
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EXTENT  OF   BRITISH   DEMAND   FOR   BUTTER. 


Q.  So  that  there  is  a  demand  for  that  artificial  butter  in  Europe? — 
A.  Artificial  butter  is  used  now  quite  extensively  in  Europe.  It  is 
probably  used  most  extensively  in  England  and  Germany,  but, 
although  the  manufacture  of  artificial  butter  has  increased  very  largely, 
the  consumption  of  real  butter  has  also  increased.  There  is  a  more 
general  use  of  butter  throughout  the  world.  The  poorer  classes  of  the 
people  are  beginning  to  use  it  much  more  than  formerly,  and  for  that 
reason  the  production  of  oleomargarine  has  not  destroyed  the  market 
for  butter.  The  United  Kingdom,  of  course,  is  the  important  butter 
market  of  the  world,  and  to  show  you  what  has  been  the  increase  of 
the  deffiand  in  that  market  I  will  quote  some  statistics  I  have  on  the 
subject.  In  1886,  which  is  the  first  year  for  which  we  can  give  sep- 
arate statistics  of  the  imports  of  butter  into  the  United  Kingdom 
(prior  to  that  year  butter  substitutes  were  grouped  with  butter,  oleo- 
margarine being  included  in  the  butter  imports  as  recorded;  we  can 
not  divide  them  prior  to  1886),  the  imports  of  butter  into  the  United 
Kingdom  from  all  sources  amounted  to  about  173,000,000  pounds.  In 
1899  the  imports  of  butter  into  the  United  Kingdom  amounted  to  ^bout 
380,000,000  pounds.  Thus  in  a  period  of  fifteen  years  the  demand  of 
the  British  market  for  imported  butter  more  than  doubled.  Practi- 
cally each  one  of  the  past  fifteen  years  has  shown  a  marked  increase 
in  the  imports  of  butter  into  the  United  Kingdom.  The  increasing 
exports  from  the  various  countries  that  I  have  mentioned  as  showing 
rapid  development  are  chiefly  due  to  this  growing  demand  of  the 
British  market.  Those  countries  are  supplying  this  demand — they 
send  their  butters  to  Great  Britain  almost  exclusively.  It  is  the  great 
butter  market  of  the  world. 


LACK   OF  COLD-STORAGE   FACILITIES. 


Q.  (By  Mr.  A.  L.  Harris.)  In  the  experiments  in  shipping  that  you 
are  making  in  the  Department,  do  you  find  the  necessary  conditions 
or  facilities  for  cold  storage? — A.  There  are  excellent  facilities  on  the 
railways  of  the  United  States.  We  have  probably  the  best  cold-stomge 
transportation  facilities  by  rail  of  any  country,  but  there  is  a  lack  of 
sufficient  accommodations  on  the  ocean  steamships.  The  cold-storage 
chambers  on  the  steamships  plying  between  the  United  States  and 
Europe  are  very  largely  monopolized  by  the  meat  interests.  They  are 
contracted  for  and  controlled  by  the  packers.  The  meat  exporters 
take  measures  to  procure  the  amount  of  space  required  for  their  trade 
and  the  necessary  refrigeration  facilities,  but  aside  from  that  industry 
there  is  not  sufficient  cold-storage  service,  and  it  has  been  found  diffi- 
cult at  times  in  our  experimental  shipments  to  get  the  facilities  needed. 
That  is  one  thing,  of  course,  that  would  have  to  be  remedied.     Another 
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great  difficulty  is  thie  lack  of  cold-storage  facilities  at  the  docks.  One 
of  the  chief  dangers  in  shipping  butter  and  other  perishable  products 
is  that  they  will  arrive  at  the  port  of  shipment  some  time  in  advance 
of  the  sailing  time  and  become  damaged  during  the  wait.  We  need 
cold-storage  facilities  at  the  docks,  so  that  products  that  are  brought 
on  the  refrigerator  cars  can  be  transferred  at  once  into  cold  storage, 
awaiting  the  time  when  they  can  be  put  aboard  ship. 

Q.  Have  you  anything  further  on  the  subject  of  dairy  products? — 
A.  I  should  like  to  say  that  practically  the  same  measures  that  have 
been  taken  by  Canada  for  the  development  of  an  export  trade  in  dairy 
products  and  in  other  perishable  products  have  been  taken  within  the 
last  few  years  by  the  Australasian  colonies. 

Q.  Do  you  think  it  would  be  advisable  for  the  Government  to  give 
some  attention  to  this  question  of  proper  facilities  for  shipment  i — A. 
I  do  most  assuredly  think  it  would  be  well  for  the  Government  to  take 
some  measures.  1  do  not  know  that  it  would  be  best  for  the  Govern- 
ment to  provide  cold-storage  and  cold  transportation  facilities,  as 
Canada  has  done,  but  I  think  that  the  Government  can  very  well  in 
an  advisory  capacity  make  recommendations,  and  I  do  think  that 
the  Government  should,  first  of  all,  take  into  its  hands  the  matter  of 
inspection.  I  think  that  is  the  most  important  measure  to  be  taken, 
so  as  to  prevent  inferior  and  fraudulent  produce  going  abroad  under 
false  colors,  as  is  now  possible. 

EXPORTS  OF  GRAIN. 

Q.  You  touched  the  other  day  upon  the  subject  of  the  grain  export. 
Have  you  anything  additional  to  say  in  regard  to  conditions  favorable 
or  unfa  voidable  for  the  exportation  of  grain? — ^A.  Within  the  last  few 
years  many  complaints  have  been  made  in  foreign  poi'ts  as  regards  the 
condition  in  which  some  of  our  grain  arrives.  The  grains  that  have 
been  complained  of  chiefly  are  Indian  corn,  wheat,  rye,  and  barley. 
Complaints  have  been  made,  as  regards  indian  corn,  that  in  many  cases 
that  grain  has  reached  the  European  port  in  a  damaged  condition, 
caused  by  sweating.  It  has  been  claimed  that  much  moldy  grain  has 
come  into  European  ports,  and  not  only  that,  but  to  some  extent  it 
has  been  claimed  that  grain  of  a  grade  inferior  to  that  of  the  certificate 
upon  which  it  was  purchased  has  been  received.  As  a  rule,  our  grain 
is  sold  on  the  certificates  of  inspection  that  are  furnished  by  the  boards 
of  trade  and  chambers  of  commerce  at  the  ports  of  shipment  in  the 
United  States.  The  foreign  importer  contracts  for  the  grain  on  the 
strength  of  that  certificate,  and,  under  the  rule«  adopted  by  our  com- 
mercial bodies  that  inspect,  the  certificate  is  conclusive.  The  importer 
who  has  bought  a  cargo  of  gmin  upon  the  certificate  issued  by  one  of 
our  l)oards  of  trade  pmctically  has  no  redress  if,  to  his  idea,  the  grain 
does  not  correspond  to  the  grade  that  is  certified  to  by  the  inspector. 
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It  may  be  that  there  is  some  carelessness  in  the  inspection  of  export 
grain  in  the  United  States,  but  from  what  attention  I  hav^e  given  to 
the  matter  I  am  inclined  to  think  that  the  complaints  based  on  the 
ground  of  fraud  are  mostly  unfounded.  Unfortunately,  the  methods 
of  inspection  in  vogue  in  the  United  States  lack  uniformity.  Each 
board  of  trade  or  chamber  of  commerce  adopts  its  own  rules  of  inspec- 
tion and  its  own  regulations  for  gmding.  In  most  cases  the  grades 
are  changed  somewhat  from  year  to  year,  following  the  average  con- 
dition of  the  crop,  but  the  changes  made  at  the  several  portij  are 
not  alwavs  unifonn.  The  result  is  that  the  certificates  issued  at  dif- 
f erent  porta  do  not  always  mean  exactly  the  same  thing.  Suppose,  for 
instance,  an  importer  buys  a  cargo  of  corn  shipped  from  Baltimore 
and  certified  to  be  No.  2  mixed  corn,  sail  grade,  and  then  a  little  later 
buys  a  cargo  shipped  from  Galveston,  Tex.,  bearing  the  same  certified 
grade,  and  it  so  happens  that  owing  to  different  standards  of  inspec- 
tion the  one  cargo  differs  somewhat  in  quality  from  the  other.  The 
importer  who  has  received  one  certified  grade  and  then,  under  a 
similar  certificate,  receives  an  inferior  quality,  not  understanding  the 
conditions,  would  naturally  feel  that  the  second  consignment  fell  short 
of  the  standard  called  for  bv  its  certificate. 

Q.  Is  it  possible  to  fix  a  standard  grade  for  all  the  ports  of  the 
United  States^ — A.  I  believe  that  it  would  be  possible. 

Q.  Have  any  steps  been  taken  in  that  direction  i — A.  Not  so  far  as 
I  am  aware. 

Q.  If  so  fixed,  would  it  not  be  much  to  the  benefit  of  the  exporter 
from  this  countrv  ? — A.  I  believe  that  it  would  be.  If  we  could  have 
a  uniform  system  of  grading  for  all  ports  of  shipment,  so  that  this 
variation  could  not  arise  under  proper  inspection,  I  think  it  would  be 
a  great  advantage  to  the  export  trade. 

Q.  (By  Mr.  Farquiiar.)  Do  not  all  the  boards  of  trade  in  the  United 
States  endeavor  to  conform  to  the  Chicago  inspection  and  grade  or  the 
New  York  inspection  and  grade  in  those  two  markets  at  fixed  prices  ? — 
A.  In  a  general  way,  of  course,  the  great  ports  are  followed,  but  as  a 
matter  of  fact  they  are  not  followed  absolutely.  Grain  inspection  is 
had,  of  course,  at  practically  all  of  the  ports.  A  great  deal  of  grain 
is  now  shipped  from  our  Southern  ports,  such  as  Galveston,  New  ' 

Orleans,  and  Newport  News,  and  the  commercial  organizations  that  I 

control  the  inspection  there  establish  their  own  rules  of  grading,  and 
these  rules  sometimes  differ  sliefhtlv  from  those  in  force  at  New  York  f 

and  Chicago.  We  made  inquiries  recently  in  regard  to  that  very  mat- 
ter, and  from  the  replies  received  at  the  Department  it  is  evident  that 
there  is,  in  a  number  of  cases,  an  appreciable  difference  between  the 
grades  established  in  a  given  j^ear  at  the  several  ports. 

Q.  You  are  speaking  of  the  changes  that  occur  there  in  grading. 
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Do  not  these  changes  nearly  always — in  90  per  cent  of  the  cases — occur 
through  the  difference  of  the  character  of  the  crops  of  the  season  i — 
A.  Where  changes  are  made  they  are  supposed  to  be  based  upon  that 
very  thing. 

Q.  It  is  not  an  arbitrary  thing  on  the  part  of  the  inspector  of  the 
board  of  trade  at  all,  but  it  is  simply  that  the  very  grain  that  comes 
out  of  the  very  section  in  one  year  will  be  graded  possibly  below  or 
above  what  it  was  the  year  before^ — A.  Exactly.  The  gi-ades  are 
based,  of  course,  on  the  average  crop;  but  the  changes  in  the  average 
crop  are  not  followed  as  carefully  in  some  ports  as  in  others.  We  had 
replies  from  some  ports  indicating  that  the  grades  established  there 
remain  practically  the  same  from  year  to  year. 

Q.  They  do  on  winter  wheat,  for  instance;  they  hardly  ever  change. 
But  will  you  not  find  always  a  great  many  changes  there  in  the  spring 
wheat  because  the  climatic  changes  are  so  much  different? — A.  The 
changes  in  grading  are  most  noticeable  in  corn,  of  course.  I  do  not 
think  that  the  changes  in  wheat  are  so  marked  as  the  changes  in  corn. 
It  has  been  chiefly  the  corn  against  which  these  complaints  have  been 
made  on  the  ground  of  grading. 

INSPECTION   CERTIFICATB. 

You  spoke  of  the  oflScial  certification.^  Now,  that  is  another  matter 
that  I  am  glad  you  have  suggested,  for  it  has  caused  a  great  deal  of 
misapprehension  abroad.  The  certificates  issued  b}^  our  boards  of 
trade  and  chambers  of  commerce  usually  bear  the  inscription,  ''OflSicial 
inspection  certificate."  The  importers  abroad  quite  generally  under- 
stand that  to  mean  oflScial  as  applying  to  the  Government.  I  find 
abroad  a  general  impression  that  our  certificates  are  Government  cer- 
tificates. 

Q.  And  j'et,  practically,  they  are  just  as  good  as  Government  cer- 
tificates, are  they  not? — A.  Well,  that  is  a  question. 

Q.  Well,  did  you  ever  find  a  board  of  trade  that  did  not  select  the 
very  best  men  that  could  be  found  there  as  inspectors?  Merit  and 
not  favoritism  rules  in  every  case  of  that  kind,  considering  the  millions 
of  money  that  are  involved  in  the  exchanges  and  boards  of  trade. — A. 
That  is  a  very  general  question.  I  am  not  criticising  our  inspection 
system  as  a  whole,  because  1  think  it  is  a  remarkably  good  one  under 
the  circumstances,  considering  the  vast  extent  of  the  country,  the  dif- 
ferent conditions  that  prevail  in  the  different  sections,  and  the  wide 
distances  between  the  various  port^.  I  think  that  on  the  whole  the 
system  is  an  admirable  one. 

QUESTION   OF   (J0VERNMF:NT  CONTROL  OF   INSPECTION. 

Q.  (By  Mr.  A.  L.  Harris.)  Well,  owing  to  the  immense  quantities 
of  grain  and  the  immense  interests  that  are  involved,  w-ould  it  not  l>e 

*  [The  interrogatory  preceding  this  response  was  omitted  from  the  published  reix>rt 
of  testimony.] 
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better  to  have  the  Government  fix  the  grades  and  have  some  means  to 
protect  against  frauds  in  mixing,  etc.,  and  in  bills  of  lading,  owing 
to  the  fact  that  it  is  discredited  ?  That  is,  would  it  not  be  more  satis- 
factory both  to  the  shipper  and  to  the  commission  man  to  know  that 
the  inspector  was  under  the  control  of  the  Government  if — A.  I  believe 
that  it  would  be  a  great  advantage  to  the  trade  if  some  steps  were  taken 
to  secure  uniformit3^ 

Q.  (By  Mr.  Farquhar.)  Why  would  it  not  do  for  the  Government 
to  license  these  inspectors?  That  would  be  the  wa^^  to  regulate  it. — 
A.  That  would  be  one  way,  of  course.  I  do  not  mean  to  say  that  the 
Government  should  take  the  matter  entirely  into  its  own  hands.  I  am 
not  prepared  to  say  that  that  is  at  present  necessary,  but  I  think  it 
might  be  well  to  place  the  inspection  under  the  general  supervision  of 
the  Government,  so  that  uniform  rules  could  be  enforced.  To  establish 
an  official  inspection  service  for  grain  at  all  our  ports  would  be  quite 
an  undertaking,  and  I  question  the  immediate  necessity  of  going  so  far 
as  that. 

Q.  Why  should  it  not  be  done  in  the  case  of  cereals  and  everything 
of  that  kind  just  as  we  have  in  the  Bureau  of  Animal  Industry  now  in 
the  case  of  animals,  meats,  and  live  cattle?  Whj'^  is  there  not  just  as 
much  necessity  to  inspect  the  one  as  the  other,  and  why  is  there  not  just 
as  much  necessity  for  official  inspection  ? — A.  I  am  not  prepared  to 
say  that  it  would  not  be  a  good  thing.  I  have  not  reached  a  conclusion 
in  my  own  mind  as  to  whether  it  would  be  advisable  at  present  for  the 
Government  to  take  over  entirely  to  its  own  control  the  inspection  of 
export  grain.  It  is,  of  course,  a  very  comprehensive  system.  It 
might  be  well  for  the  Government  to  begin  by  establishing  an  official 
inspection  that  would  be  optional  with  the  exporter.  Argentina  has 
recently  done  that  very  thing.  The  Argentine  Government  has  estab- 
lished an  inspection  service  for  grain  at  its  several  ports,  so  that 
exporters,  by  paying  a  small  fee,  can  have  their  grain  officially 
inspected  and  obtain  an  official  certificate  as  to  its  grade.  The  Argen- 
tine inspection  is  entirely  optional,  and  it  seems  to  me  that  in  intro- 
ducing an  official  inspection  of  export  grain  in  the  United  States  it 
would  be  best  at  the  outset  to  make  it  optional  rather  than  compulsory. 
1  believe  the  advantages  of  the  Government  certificate  would  soon  lead 
to  its  being  demanded  by  foreign  buj^ers. 

Q.  (By  Mr.  A.  L.  Harris.)  Would  the  shipper  or  commission  man 
object? — A.  There  would  undoubtedly  be  considei-able  opposition  to  a 
compulsorj'  official  inspection.  It  is  ver}^  natural  to  expect  some  oppo- 
sition to  such  a  step  by  the  Government.  There  would  probably  be 
opposition  on  the  part  of  those  verv  organizations  that  arfe  now  con- 
trolling the  inspection. 

Q.  Is  it  not  almost  as  important  as  the  inspection  of  meat? — A.  I 
hardly  think  it  would  do  to  say  that  it  is  almost  as  important.  No;  I 
do  not  think  that  there  is  such  a  crying  need  for  Government  inspec- 
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tion  as  there  was  in  the  case  of  meat.  There  are  not  the  same  sanitary 
reasons  for  it. 

Q.  In  other  words,  complaint  has  not  become  so  common  ? — A.  It 
has  not,  because  the  present  grain-inspection  system  is  already  a  fairly 
good  one,  although  far  from  perfect. 

Q.  Well,  would  it  not  be  an  assurance  to  the  foreign  importer  when 
he  buys  a  cargo  to  know  that  the  grade  is  the  same  without  regard  to 
the  port  from  which  it  was  shipped  i — A.  Undoubtedly. 

Q.  In  other  words,  is  not  this  the  tendency  now:  If  they  find  that 
the  port  at  Galveston  has  a  lower  grade  for  low  grades  that  go  to  that 
port  for  shipment,  would  it  not  generally  have  a  tendency  to  discredit 
the  grades  of  the  whole  country  when  they  pay  little  attention  to  what 
section  of  the  country  the  grade  is  shipped  from^ — A.  It  would  very 
naturally  do  so. 

ADVANTAGES   OF  GOVERNMENT   INSPECTION. 

Q.  (By  Mr.  Farquhar.)  Would  not  the  establishment  of  Govern- 
ment inspection  make  a  uniform  grade  all  over  the  country — naturally 
tend  to  ? — A.  It  should  do  so. 

Q.  And  would  it  not  give  a  better  price  for  our  cereals  in  Europe  if 
they  had  the  Government  certificate  back  of  them,  and  not  that  of  an 
individual  nor  a  corporation  nor  a  board  of  trade  i — A.  I  think  that  it 
would. 

Q.  (B}^  Mr.  A.  L.  Harris.)  Even  if  it  did  not  give  a  better  price  it 
would  give  satisfaction  to  the  people  who  are  buying  it  now? — A.  I 
should  hesitate  slightlv  on  the  ground  of  feasibility-  just  now.  To  my 
mind  it  is  a  question  whether  it  would  not  be  better  to  extend  the  sys- 
tem of  compulsory  Government  inspection  more  gradually.  Take,  for 
instance,  the  dairy  products,  and  first  put  that  l)ranch  of  the  export 
trade  on  a  satisfactory  basis.  In  other  words,  introduce  tliese  reforms 
by  degrees. 

LACK   OF    INFORMATION    ABOUT   INSPECTION   CHANGES. 

I  want  to  say  that  of  course  the  representatives  in  this  country  of 
foreign  importers  of  grain  are  supposed  to  notify  the  importers  whom 
they  represent  of  any  changes  in  the  grading,  and  to  give  them  exact 
information  on  that  point,  but  it  often  happens  that  this  is  not  prop- 
erly done.  The  boards  of  trade  themselves  do  not  inform  foreign 
importers  of  the  changes.  That  is  left  to  the  representatives  in  this 
country  of  the  importers,  and  there  is  often  laxitv  about  sending  the 
proper  information — at  least  so  I  have  been  informed  on  the  other 
side. 

DAMAGE  TO   GRAIN    DURING    VOYAGE, 

In  speaking  of  the  damaged  condition  of  the  grain  that  arrived  in 
Europe,  I  did  not  mean  to  impl}^  that  it  was  ex^wrted  in  such  condition. 
M}'  own  belief  is  that  a  very  large  part  of  the  damage  occurs  on  the 
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voyage.  In  other  words,  I  think  that  in  many  cases  where  cargoes 
are  complained  of  in  foreign  ports  the  grain  when  shipped  from  the 
United  States  was  in  proper  condition. 

UNFAIR  COMPLAINTS   INFREQUENT. 

Q.  (By  Mr.  Kennedy.)  We  frequently  hear  of  commission  mer- 
chants informing  shippers  of  produce  that  their  stuff  was  received  in 
a  damaged  condition,  and  that  it  is  done  for  the  purpose  of  cheating 
the  farmer,  the  fact  being  that  the  produce  more  often  is  in  excellent 
condition  when  received,  but  reported  in  a  damaged  condition.  Is  it 
probable  that  anything  of  that  practice  prevails  on  the  other  side  in 
regard  to  our  grains? — A.  I  have  no  doubt  that  there  are  unscrupulous 
people  abroad,  as  there  are  all  over  the  world,  who  will  in  some  cases 
make  unfair  complaints  of  that  kind,  but  I  think  as  a  rule  that  such 
cases  are  rare. 

CARELESSNESS  IN   SHIPPING   CORN. 

Q.  Is  it  more  difficult  to  ship  shelled  com  than  it  is  to  ship  wheat 
in  bulk? — A..  It  is  more  difficult.  The  corn  gets  out  of  condition 
more  readily  than  the  other  grains,  because  its  moisture  content  is 
greater.  It  is  in  the  case  of  corn  that  most  of  the  complaints  have 
been  made.  Sometimes,  when  corn  in  otherwise  perfect  condition  is 
loaded  here  in  hot  weather,  the  heat  it  has  absorbed  causes  the  grain 
to  sweat  and  become  moldy  before  it  reaches  the  other  side,  and  then 
the  purchaser  there  naturally  wonders  whether  that  corn  was  in  good 
condition  when  it  was  shipped.  I  believe,  as  I  said  before,  that  it  is 
on  the  voyage  that  most  of  the  damage  is  done.  Much  of  the  damage 
undoubtedly  occurs  in  the  case  of  bulk  cargoes  carried  by  tramp 
steamers.  There  are  comparatively  few  complaints  against  corn  car- 
ried by  the  regular  liners,  for  as  a  rule  the  regular  liners  give  greater 
attention  to  ventilation,  and  in  fact  to  the  care  of  the  cargo  generally. 
Ventilation  is  a  very  important  factor  in  the  shipment  of  corn.  When 
shippers  load  corn  into  a  steamer  at  a  Southern  port  in  hot  weather, 
then  batten  down  the  hatches  and  without  any  ventilation  at  all  attempt 
to  cany  that  cai'go  across  the  ocean,  the  chances  are  very  strong  that 
under  such  conditions  some  sweating  will  occur. 

CORN    LOADED   IN    IRON   STEAMERS. 

Corn  is  sometimes  loaded  into  iron  steamers  without  any  protection 
against  the  heated  iron  sides.  There  should  be  some  kind  of  a  protec- 
tion— either  a  board  sheathing  or  a  protection  of  bagging — against  the 
iron  sides  of  the  steamer,  for  as  she  lies  in  port  her  sides  above  the 
water  line  naturally  become  very  much  heated  by  the  sun,  and  when 
the  corn  is  poured  in  and  lies  right  up  against  these  hot  sides  it  is  not 
strange  that  the  contact  with  such  heat  causes  it  to  sweat 
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CORN  8TOWED   IN   COAL  BUNKEB8. 

Then,  too,  corn  is  sometimes  loaded  into  bunkers  that  are  intended 
primarily  for  coal.  Quite  freciuently  on  tramp  steamers  where  the}" 
take  a  full  cargo  they  load  corn  into  one  of  the  coal  bunkers,  which 
are,  of  course,  amidships,  and  adjacent  to  the  boilers.  It  is  in  these 
bunkers  that  1  think  much  of  the  damage  is  done.  The  heat  from  the 
furnaces  and  boilers  during  the  passage  gradually  works  its  way  through 
the  bulkhead,  and  it  is  not  unconnnon,  where  corn  has  been  loaded  in 
a  bunker,  to  find  it  badly  sweated,  especially  along  the  side  of  the 
bulkhead  that  separates  the  bunker  from  the  boiler  space.  There  the 
corn  is  often  greatly  damaged.  It  is  a  question  whether  corn  should 
be  loaded  in  bunkers  at  all,  owing  to  the  great  risk  that  is  taken,  or 
at  any  rate,  whether  there  should  not  be  some  conditions  attached  as 
regards  sheathing  and  ventilaiion. 

IMPORTANCE   OF   VENTILATION    DURING    VOYAGE, 

Even  in  the  ordinary  hokls,  remote  from  the  boilers,  unless  ventila- 
tion is  had,  corn  is  apt  to  become  heated  at  the  top  of  the  holds,  more 
particularly  during  hot  weather,  beciiuse  of  the  heat  of  the  sun  on  the 
deck.  That  could  undoubtedly  be  prevented  bv  proper  ventilation. 
The  trouble  with  the  tnunp  steamers  is  that  they  f  re(iuently  go  short- 
handed,  and  do  not  have  a  sufficient  force  of  men  to  attend  to  the 
ventilation  properly.  It  is  possible  in  fair  weather  to  lift  the  hatches 
and  let  air  into  the  holds  where  the  corn  is  stowed,  but  that  is  often 
neglected.  From  my  investigations  I  believe  that  if  proper  ventila- 
tion were  provided  a  great  deal  of  the  damage  tliat  now  results  could 
be  avoided.  I  understand  that  the  steamers  plying  from  Argentine 
ports  carrying  Argentine  corn  to  Europe  are  now  very  generally 
equipped  with  ventilation  facilities.  That  is  a  long  voyage,  and  they 
have  discovered  the  importance  of  ventilation;  but  it  is  un(|uestionably 
a  fact  that  a  great  deal  of  the  corn  shipped  from  the  United  States  is 
not  properly  attended  to  en  route. 

IMPORTANCE   OF   CLEANING    CORN   BEFORE   SHIPMENT. 

There  has  also  been  quite  a  general  complaint  against  our  corn 
abroad  on  the  ground  that  it  is  too  dirty.  The  foreigners  say  that  in 
this  regard  it  does  not  compare  favorably  with  the  c^orn  shipped  from 
other  countries.  They  seem  to  think  we  are  more  careless,  and  that 
we  take  less  pains  to  clean  our  corn  than  is  the  case  in  some  other 
countries.  It  can  not  be  denied  that  the  corn  frequently  has  a  good 
deal  of  dirt  in  it,  such  as  broken  grains,  pieces  of  cob,  etc.  When  this 
occurs  the  danger  of  sweating  is  very  much  increased.  The  dirt  fills 
in  the  interstices  between  the  grains,  thus  excluding  the  air,  and  under 
such  conditions  heating  naturally  occurs  much  more  readily.     If  the 
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corn  were  cleaned  more  carefully  before  being  exported  there  is  no 
doubt  that  a  great  deal  of  loss  would  be  prevented. 

A  few  weeks  ago  I  received  a  sample  of  some  foreign  materials  that 
livere  discovered  in  a  cargo  of  corn  shipped  from  the  port  of  Galves- 
ton, Tex.,  to  the  Free  Port  of  Copenhagen.  Mr.  C.  D.  Huge,  the 
director  of  the  Copenhagen  Free  Port  Company,  forwarded  to  me  a 
box  containing  quite  a  variety  of  metallic  articles,  including  spikes, 
nails,  bolts,  screws,  pieces  of  wire,  foundry  drippings,  etc.,  and  also 
other  matters  such  as  glass,  pebbles,  and  the  like,  that  were  sent  over 
there  in  a  cargo  of  corn.  [Producing  photograph.]  I  had  this  mate- 
rial photographed,  and  I  will  hand  you  the  photograph  that  you  may 
see.     The  articles  are  shown  at  one-half  their  natural  size. 

DANGER  T()    MILLH    FROM   TRASII    IN   CORN. 

Q.  (By  Mr.  A.  L.  Harris.)  Is  there  not  danger  of  our  grain  being 
discredited  the  same  as  butter  has  been  heretofore^ — A.  Such  cas(\s  as 
this,  of  course,  work  very  materially  to  the  detriment  of  our  export 
tmde.  The  seriousness  of  this  particular  cas(»  will  be  })etter  under- 
stood when  I  say  that,  supposing  that  the  corn  had  been  cleaned,  the 
company'  there  did  not  subject  it  to  any  screening,  and  it  went  out  over 
the  Kingdom  of  Denmark,  carrying  this  material  with  it,  and  these 
nails  and  spikes,  etc.,  got  into  the  mills.  If  you  will  examine  that 
photograph  carefully,  you  will  see  that  some  of  the  spikes  have  been 
between  the  mill  rollers  and  were  flattened  out.  They  did  great  dam- 
age to  the  milling  machinery.  The  millers  are  holding  the  company 
liable  for  the  damages,  Mr.  11  age  writes  me. 

Q.  (By  Mr.  Kennedy.)  That  is  taken  from  one  cargo? — A.  This 
was  sent  to  me  as  a  sample  of  material  that  was  taken  from  corn  sent 
from  Galveston  in  one  cargo.  Part  of  that  material  was  sent  in  to  the 
company  at  Copenhagen  by  the  millers. 

GRADING    OP   EXPORT  CORN    AS  REGARDS   CLEANNESS. 

This  case  shows  that  there  is  undoubtedl}^  some  carelessness.  The 
foreign  importers  claim  that  the  corn  shipped  as  No.  2  sail  grade  should 
be  much  cleaner  than  a  large  part  of  it  proves  to  l)e.  The  contract 
calls  for  a  grain  that  is  reasonably  clean,  and  they  naturally  hold  that 
that  condition  is  not  carried  out  in  a  case  of  this  kind. 

Q.  (By  Mr.  Farquhar.)  You  do  not  know^  what  the  grade  of  this 
corn  was  when  it  was  shipped  ?-^A.  I  am  sorry  to  say  that  in  writing 
to  me  about  the  circumstances  of  this  shipment  Mr.  Hage  failed  to 
state  the  grade  that  was  certified  to;  but  I  have  inferred  that  it  was 
No.  2  sail  grade,  for  several  reasons:  first,  because  that  is  the  grade 
that  is  generally  shipped  to  Copenhagen;  and,  secondly,  because  if  it 
had  not  been  supposedly  a  reasonably  clean  corn,  the  company  there 
would  probably  have  put  it  through  their  own  screening  apparatus. 
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That  is,  they  would  not  have  been  ju.stified  in  sending  out  an  unclean 
j^radc  of  corn  to  their  castomers,  and  they  would  not  have  taken  the 
risk  of  doing  so.  But  I  am  sorry  to  say  that  Mr.  Hage  did  not  state 
that  fac^t  specifically  in  his  letter,  and  I  have  not  had  time  to  ascertain. 

SOURCE   OK  TRASH    IN   CX)RX. 

•It  is  a  question  where  this  foreign  matter  came  from — where  it  got 
into  the  corn.  I  presume  that  this  corn  may  have  ]>een  simply  blown 
without  l)eing  screened;  however,  I  do  not  know  as  to  that.  Some  of 
this  material  was  prolmbly  shoveled  up  with  the  corn  when  it  was  put 
into  the  shellers.  Shellers  are  sometimes  stationed  out  in  the  open 
field.  The  farmers  bring  up  the  coni  in  their  wagons  and  dump  it  on 
the  ground  in  piles,  and  then  it  is  shoveled  from  the  ground  into  the 
shellers.  Foreign  objects  of  a  less  size  than  the  cobs  readily  pass 
through  the  shellers,  and  these  objects  would  remain  in  the  corn  unless 
it  were  screened.  It  would  appear,  also,  that  the  railway  cars  in  which 
the  grain  was  carried  to  the  port  furnished  some  of  the  refuse  material. 
The  cars  are  not  always  properh'  cleaned  before  the  grain  is  loaded. 
The  terminal  warehouse  or  elevator  mav  also  have  ])een  at  fault  in  this 
regard. 

1  want  to  say  in  reference  to  this  case  that  affidavits  were  presented 
showing  that  the  steamer  had  l)een  carefully  inspected  before  the  cargo 
was  received,  as  is  the  custom.  The  captain  of  the  steamer  made  affi- 
davit that  the  holds  in  which  this  corn  was  loaded  were  carefully 
inspected  and  were  free  from  all  foreign  matter  and  in  proper  condi- 
tion to  receive  the  cargo.  He  had  a  certificate  to  that  effect  to  show 
that  this  matter  did  not  get  into  the  cargo  from  the  ship. 

HHII'MENTS   OF    WHEAT,  RYE,  AND    BARLEY. 

Q.  (By  Mr.  A.  L.  Harris.)  Are  you  through  with  what  you  desired 
to  suy  on  the  sul)ject  of  grain  i — A.  I  spoke  also  of  wheat,  rye,  and 
barley.     1  will  just  touch  upon  these. 

Against  our  wheat  complaint  has  been  made  ai)road  that  it  some- 
times (contains  many  unsound  and  burnt  grains,  more  than  would  be 
warranted  by  the  certificate  of  inspection,  and  also  that  it  is  sometimes 
deficient  in  weight.  Recently  a  complaint  came  to  the  Department 
from  abroad  allei>"ing  that  sohk^  wheat  had  been  received  that  did  not 
come  up  to  the  weight  called  for  in  the  contract  In'  sevei*al  pounds  per 
bushel.  I  also  have  in  mind  a  complaint  made  some  months  ago 
regarding  a  parcel  of  wheat  that  contained  garlic  to  such  an  extent 
that  it  was  necessary  to  reclean  the  entire  lot  ))efore  it  could  go  into 
the  mills.  Some  of  the  grain  did  get  into  the  mills  before  it  was 
cleaned,  and  produced,  of  course,  a  very  unpleasant  kind  of  flour. 

Similarly,  one  of  the  complaints  against  rye  imported  from  the 
United  States  is  that  it  too  freiiuently  contains  oats  in  considerable 
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quantities,  making  it  necessary  to  reclean  the  rye  before  it  can  be 
milled  and  made  into  flour.  As  the  rye  is  imported  for  brejid  pur- 
poses, it  is  important  to  have  it  free  from  oats  and  other  grain. 

Our  barley  has  also  been  complained  about  in  some  cases  because  of 
its  dirty  condition.  An  instance  came  to  our  notice  where  it  was 
claimed  that  as  much  as  10  per  cent  of  impurities  occurred  in  a  cargo. 

According  to  the  testimony  of  the  foreign  importers,  the  complaints 
made  against  American  barley  are  mostly  of  recent  origin.  Some 
years  ago  American  barley  was  held  in  high  favor  abroad.  It  obtained 
a  market  in  Europe  that  was  formerly  controlled  by  Russia.  But  the 
importers  say  that  within  the  last  few  years  complaints  against  the 
condition  of  our  barle}^  have  been  numerous,  greatly  endangering  our 
market,  and  the  probability  is  that  unless  some  measures  are  taken  to 
secure  more  care  in  cleaning  export  barley  much  trade  will  be  lost 
to  us. 

NBED  OF  GREATER   CARE   IN   CLEANING    GRAIN. 

Regarding  our  grain  export  trade  as  a  whole,  I  think  I  am  safe  in 
saj^ng  that  the  greatest  obstacle  to  the  maintenance  and  extension  of 
that  trade  lies  in  the  fact  that  our  exporters  do  not  alwa3"s  exercise 
proper  care  in  cleaning  the  grain  before  shipment.  In  view  of  the 
increasing  competition  we  are  beginning  to  meet  with  from  other 
grain-exporting  countries,  it  is  highly  important  that  this  ground  for 
complaint  should  be  speedily  remedied. 

MISUNDERSTANDING    OF  TERM    "OFFICIAL." 

Before  dropping  the  subject  of  grain  exports,  I  want  to  recur  again 
to  the  matter  of  the  certificates,  and  to  repeat  that  it  seems  to  me 
unfortunate  that  the  certificates  issued  bv  our  boards  of  trade  should 
be  sent  out  under  the  title  of  "oflScial''  inspection.  [Producing  cer- 
tificate.] The  term  '^ official"  in  this  case  is  undoubtedly  misleading, 
and  it  is  a  question  whether  it  would  not  be  a  wise  thing  to  prevent 
further  misunderstanding  on  that  ground  by  prohibiting  boards  of 
trade  and  chambers  of  commerce  from  using  the  appellation  "official" 
on  their  certificates.  It  is  unquestionably  a  cause  of  much  misunder- 
standing abroad. 

Q.  Do  you  think  it  conveys  the  idea  to  the  foreign  importer  that  it 
is  a  Government  official  inspection^ — A.  The  foreign  importer  very 
generally  believes  that  these  certificates  are  issued  by  the  United  States 
Government.  I  have  tjilked  with  many  importers  abroad  who  were 
under  that  impression,  and  who  were  surprised  to  learn  that  the  United 
States  Government  was  in  nowise  responsible  for  the  certification  of 
our  export  grain. 

Q.  (By  Mr.  Farquhar.)  Does  not  nearly  every  single  purchaser  or 
Liverpool  broker  have  his  own  agent  in  the  United  States  here  in  our 
markets? — A.  Many  of  the  larger  importers  have  their  agents  here. 
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Q.  Those  that  are  of  any  account  at  all? — A.  Many  of  the  large 
importers  have  their  representatives  here,  but  these  certificates,  of 
course,  pass  into  the  hands  of  other  buyei-s.  The  importers,  in  resell- 
ing their  imported  grain,  sometimes  base  their  contracts  on  the  origi- 
nal certificate,  and  in  such  cases  the  secondarv  buvers  have  not  the 
same  means  of  ascei'ttiining  the  real  status  of  the  certificate. 

Q.  The  Government  inspection  would  cover  all  doubts  and  would 
verify  to  the  consignee  or  the  factor  or  the  commission  merchant  or 
the  original  purchaser  or  anyone  that  there  was  bona  fide  inspection 
here  when  put  on  l)oard  of  vessels,  subject,  of  course,  to  stand  the 
transportation  and  delivery^ — A.  Yes. 

IMPORTANCE   OF   <'ARE    IN    LOADIXCi    CORN. 

Q.  (By  Mr.  A.  L.  Harris.)  Do  3  ou  desire  to  go  any  further  into 
grain  ^— A.  One  thing  occurs  to  me  that  I  intended  to  add  in  connec- 
tion with  the  loading  of  gmin.  I  said  that  it  was  a  question  whether 
corn  ought  ever  to  be  loaded  in  the  l)unkers,  since  they  were  so  close 
to  the  boilers  and  therefore  so  liable  to  become  heated  on  the  vovat^e. 
The  same  objection  applies,  of  course,  to  the  loading  of  grain  in  any 
of  the  holds  that  are  adjacent  to  the  boiler  or  engine  space.  In  the 
distribution  of  the  cargo  the  corn  ought,  when  possible,  to  be  loaded 
in  holds  that  are  remote  from  amidships. 

Q.  Would  this  trouble  be  obviated  to  some  extent  if  the  })ottouis 
were  controlled  by  Americans^  You  spoke  a  moment  ago  about  the 
excellent  facilities  on  land. — A.  I  have  no  doubt  that  it  would  be  far 
easier  to  control  the  methods  of  transportation  if  we  owned  the  ships. 
Does  that  answer  3'our  question  i 

Q.  Yes;  that  is  what  I  wanted. — A.  Carelessness  sometimes  occurs 
as  regards  the  stowing  of  gmin  with  other  merchandise  in  the  same 
hold.  A  case  recentlv  came  to  mv  attention  where  a  hold  was  pailiall v 
filled  with  corn,  and  then  upon  that  corn  were  stowed  bales  of  cotton. 
Such  a  condition  of  affairs,  of  course,  ought  not  to  be  permitted.  It 
goes  without  saying  that  corn  put  down  in  the  hold  and  then  covered 
over  completel}'  with  ])ales  of  cotton  is  going  to  sweat  and  become 
damaged.  I  speak  of  this  case  to  suggest  that  there  is  a  great  deal  to 
be  considered  in  regulating  the  methods  of  shipping  grain  across  the 
ocean. 

PA(  KING    OF    COTTOS    FOR    KXPORT. 

Q.  What  have  3  ou  to  say  in  regard  to  the  export  of  cotton  ? — A. 
The  principal  ground  of  criticism  against  American  cotton  in  foreign 
markets  is  the  poor  packing.  A  great  deal  of  our  cotton  is  still  baled 
in  the  old  way.  We  ship  it  in  large  ])ales,  weighing  about  500  pounds, 
and  much  of  it  is  put  up  in  inferior  baling  materials.  The  damage 
that  thus  results  is  not  so  apparent  in  the  United  States  as  it  is  at  the 
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end  of  the  journey  across  the  sea.  Our  exporters  do  not  seem  to  realize 
the  conditions  that  our  cotton  has  to  meet  in  foreign  countries.  The 
packing  is  generally  sufficiently  strong  to  carry  the  cotton  safely  to  the 
seaboard  and  to  get  it  aboard  ship,  but  when  it  comes  to  be  unloaded 
in  the  foreign  port  great  loss  is  apt  to  result.  Under  the  rough  han- 
dling to  which  the  bales  are  subjected  in  the  process  of  unloading  from 
the  ship's  holds  to  the  docks,  the  flimsy  baling  material  })ecomes  badly 
torn,  and  usually  a  large  amount  of  cotton  is  shredded  off  and  strewn 
along  the  docks.  Such  cotton  is  practically  ruined,  becoming  waste 
cotton.  The  coverings  of  the  bales  are  generally  so  badly  damaged 
that  before  the  cotton  can  be  reshipped  much  patching  has  to  be  done, 
and  often  entire  rebaling.  Foreign  importers  naturally  complain  of 
this,  because  it  subjects  them  to  so  much  additional  expense. 

An  interesting  instance  came  to  my  attention  while  in  Russia  last 
summer  where  the  insecure  packing  of  American  cotton  resulted 
in  a  great  deal  of  loss  by  theft.  We  send  considerable  quantities 
of  cotton  to  Russia.  Most  of  it  is  ti*ansshipped  for  the  Baltic  at 
such  ports  as  Liverpool,  Bremen,  and  Copenhagen,  although  within 
the  last  year  or  two  some  important  consignments  have  gone  direct 
to  Russia  without  transshipment.  The  United  Steamship  Company, 
of  Copenhagen,  has  been  particularly  enterprising  in  its  etfoits 
to  establish  a  direct  service  between  the  United  States  and  Baltic 
Ku)5sia,  and  the  boats  of  that  company  have  recently  been  carrying 
cotton  right  through  from  New  York  to  St.  Petersburg.  However, 
the  chief  part  of  the  American  cotton  marketed  in  Russia  still  goes 
in  the  first  instance  to  other  European  ports,  where  it  has  to  l)e 
transshipped  in  order  to  be  forwarded  up  the  Baltic.  By  the  time 
that  cotton  has  been  discharged  at  the  Russian  ports  of  Reval  and  St. 
Petersburg  it  is  apt  to  be  in  very  poor  condition  as  regards  the  baling. 
From  these  Baltic  ports  it  has  to  be  sent  overland  by  rail  to  Moscow, 
where  the  Russian  manufacture  of  cotton  goods  is  chiefly  carried  on. 
Owing  to  the  numerous  rents  and  tears  that  occur  in  the  bale  coverings 
because  of  the  poor  baling  materials,  a  great  deal  of  cotton  is  lost  })e- 
fore  it  reaches  Moscow.  It  generally  goes  there  by  slow  freight,  fre- 
quently with  many  stops,  and  I  was  informed  that  the  peasantis  along 
the  route  sometimes  steal  great  quantities  of  this  cotton  from  the  trains 
at  night,  pulling  it  from  the  damaged  bales  in  large  shreds,  as  they  can 
readily  do,  owing  to  the  insecure  packing.  In  this  manner  the  im- 
porters at  Moscow  have  been  losing  so  much  of  their  consignments 
from  America  that  they  are  now  striving,  as  far  as  they  can,  to  replace 
our  cotton  with  that  produced  in  southern  Russia.  In  the  south  of 
Russia  they  are  beginning  to  grow  American  cotton  quite  extensively. 
Some  years  ago  they  secured  American  seed,  and  already  they  have 
had  considerable  success  in  the  production  of  our  upland  cotton.  They 
take  great  pains  to  bale  it  securely.     They  use  a  much  smaller  bale 
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than  the  American,  and  pack  it  so  tightly  and  firmly  that  no  cotton  can 
be  lost  or  stolen  from  the  bale.  By  such  methods  they  are  gradually 
establishing  quite  a  trade  at  Moscow,  to  our  loss. 

1  spoke  of  this  case  as  a  rather  interesting  one,  illustrating  how  a 
trade  can  be  injured  by  neglect  in  providing  proper  packing  materials. 
Some  of  our  cotton  growers,  in  order  to  save  a  few  cents  on  a  bale,  make 
it  a  practice  to  use  the  cheapest  possible  baling  materials  that  will 
carry  their  product  to  the  port.  While  such  a  short-sighted  practice 
may  result  in  a  slight  saving  at  the  outset,  it  is  certain  in  the  long  run 
to  do  great  damage  to  our  tiude.  Other  cases  similar  to  that  in 
Russia  as  regards  the  poor  l>aling  of  American  cott-on  have  come  to 
my  attention  abroad,  and  I  think  1  may  say  that,  generally  speaking, 
our  cotton  export  trade  is  in  this  respect  fairly  open  to  criticism.  It 
is  to  be  hoped  that  the  more  general  adoption  of  the  round  or  cylin- 
drical bale  will  remedy  this  obstacle  to  our  export  trade  in  cotton. 

I  have  mentioned  the  case  of  cotton  especialh'  because  this  product 
is  decidedly  our  most  imp)ortant  agricultural  export,  but  it  does  not  by 
anv  means  afford  the  only  instance  of  this  kind.  There  are  manv  other 
ca>ses  in  our  export  trade  where  failure  to  give  proper  attention  to  the 
packing  of  the  product  is  working  to  the  detriment  of  the  trade. 

Q.  Then  the  American  producer  and  the  American  shipper,  you 
think,  suffer  to  some  extent,  owing  to  the  imperfect  manner  in  which 
the  goods  are  sometimes  sent  from  this  country  i — A.  Yes. 

Q.  And  greater  care  should  be  taken  along  these  lines? — A.  Yes;  it 
is  very  important. 

QUESTION  OF  GOVERNMENT  AID   IN   EXTENDING   FOREIGN   MARKETS. 

Q.  It  is  a  very  general  complaint  among  agricultural  producers  that 
little  effort  is  made  to  secure  a  foreign  market  for  their  product^^. 
What  do  you  know  about  that? — A.  I  think  I  may  fairly  sav  that, 
comparatively  speaking,  little  effort  has  been  made  in  the  interests  of 
the  United  States  farmer  as  regards  the  exportation  of  his  produce. 
The  maiuifacturer  seems  able  to  accomplish  more  in  this  direction;  he 
seems  to  have  facilities  for  pushing  his  trade  that  the  farmer  has  not 
had,  or  at  least  has  not  taken  advantage  of.  I  think  it  is  true  that 
more  active  measures  have  been  taken  to  make  a  market  abroad  for 
American  manufactures  than  for  the  produce  of  American  farms. 

Q.  (By  Mr.  Kennedy.)  Ts  not  that  very  largely  because  the  Amer- 
ican manufaC'turers  push  for  these  markets  themselves? — A.  Exactl}'. 
The  manufacturer  seems  to  be  in  closer  touch  with  the  foreign  market 
than  the  farmer.  He  sends  his  representatives  abroad,  establishes  his 
agencies  there,  and.  speaking  generally,  there  seem  to  be  more  facilities 
for  the  extension  of  trade  in  manufactures  than  thei-e  are  for  upbuild 
ing  the  agricultural  export  tmde. 

Q.  Manufacturers  do  for  themselves  the  work  which,  if  done  for 
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the  farmers,  must  perhaps  be  done  by  the  Government  or  some  other 
agency  ? — A.  There  is  a  good  deal  in  that. 

Q.  (By  Mr.  A.  L.  Harris.)  Is  it  possible  for  the  farmer,  owing  to 
his  interests  being  in  the  hands  of  so  many,  to  take  up  the  subject  of 
increasing  his  exports,  like  it  is  for  the  manufacturers,  where  large 
capital  is  invested  under  one  control  and  they  can  send  out  their  agents 
to  look  after  foreign  markets? — A.  It  is  certainly  not  so  easy,  and  I 
think  the  question  that  you  have  put  discloses  the  secret  of  the  differ- 
ence. 

NEED   OF   MORE   LIBERAL   APPROPRIATIONS    FOR   DEPARTMENT  OF   AGRICULTURE. 

Q.  Have  you  any  suggestions  to  make  along  the  line  of  the  exten- 
sion of  foreign  markets  for  farm  products?— A.  I  believe,  first  of  all, 
that  in  the  interest  of  the  farmer  the  Agricultural  Department  ought 
to  be  provided  with  more  liberal  means  to  develop,  as  far  as  may  be, 
by  governmental  assistance,  the  agricultural  export  trade.  I  do  not 
think  that  enough  attention  has  hitherto  been  given  b}'^  the  Govern- 
ment to  that  side  of  the  farmers'  interests.  We  have  not  done  nearly 
so  much  as  other  agricultural  countries  have  done.  I  spoke  of  the 
measures  taken  by  the  Canadian  government.  The  appropriation  that 
enabled  the  department  of  agriculture  for  the  Dominion  to  inaugurate 
the  measures  I  described  amounted  to  $100,000,  which  was  certainly 
quite  a  liberal  appropriation.  The  fund  that  was  placed  at  the  dis- 
posal of  our  own  Agricultural  Department  to  make  experimental  ship- 
ments of  dairy  and  other  agricultural  produce  was  only  $25,000.  The 
Australian  colonies,  like  Canada,  have  also  been  liberal  in  appropriating 
funds  to  assist  the  farmer  in  finding  a  profitable  foreign  market  for 
his  produce.  I  feel  that  much  more  could  be  done  for  the  farmers  of 
the  United  States  than  has  thus  far  been  possible  with  the  scanty  means 
placed  at  the  disposal  of  our  Department  for  such  work. 

USEFULNESS   OF   SPECIAL   AGENTS   ABROAD. 

I  believe  in  the  plan  of  sending  abroad  special  agents,  at  Govern- 
ment expense,  to  study  foreign  markets.  I  think  we  should  have  a 
goodly  number  of  agents  abroad,  working  solely  in  the  interest  of  our 
farm  products.  These  agricultural  countries  I  have  mentioned  all 
maintain  such  agents,  not  only  for  the  purpose  of  studying  foreign 
markets  and  the  opportunities  they  afford  for  increased  trade,  but  also 
for  the  purpose  of  studying  the  export  methods  of  other  countries. 
Canada  sent  her  agents  to  Denmark — the  Australasian  colonies  did 
the  same — to  gather  information  there  as  to  the  best  methods  of  ship- 
ping dairy  and  other  farm  produce.  Now  that  Canada  is  beginning 
to  compete  somewhat  with  Denmark,  especially  now  that  Canada  is 
beginning  to  cut  into  the  Danish  bacon  market  in  England,  the  Danes 
are  sending  agents  to  Canada  to  see  if  there  is  anything  in  the  Cana- 
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dian  methods  of  production  and  exportation  that  would  be  an  improve- 
ment over  their  own. 

SPECIAL    ACiEN'TS    AS   CX)MPARED    WITH    CONSULAR   SERVICE. 

Q.  (By  Mr.  Farquiiar.)  Can  not  the  diplomatic  and  consular  service 
do  the  whole  thing  properly? — A.  With  certain  modifications  of  tho 
diplomatic  and  consular  service  I  think  undoubtedly  most  of  the  objects 
could  be  attained,  but  I  do  not  think  it  possible  as  the  service  is  now 
constituted.  I  do  not  believe  the  consular  officers  can  render  the  same 
kind  of  service  that  could  be  had  from  traveling  agents. 

Q.  You  mean  the  paid  agents  of  the  Departments — A.  Paid  agents 
of  the  Department,  sent  from  the  Depmrtment,  if  possible.  AVc  have 
tried  the  consular  service,  and  it  has  not  l)een  altogether  satisfactory 
for  this  purpose.  In  the  iirst  place,  a  consul  is  obliged  to  remain  pi'ac- 
tically  all  the  time  at  his  place  of  business — at  Hamburg,  or  Bremen, 
or  some  other  city,  as  the  case  may  be — and  while  he  can  watch  in  a 
general  way  the  trade  at  a  single  port,  he  has  to  remain  right  there  in 
order  to  attend  to  the  routine  duties  of  the  consular  office.  Unfortu- 
nately, the  course  of  trade  can  not  be  satisfactoril v  investigated  by  a 
man  confined  to  a  single  place.  In  order  to  get  a  fair  idea,  for  instance, 
of  the  butter  export  trade  of  Denmark,  it  would  be  necessary  to  ti^avel 
over  that  country,  to  go  from  the  creamer}^  to  the  terminal  warehouse 
at  the  port,  and,  in  fact,  it  would  be  advisable  to  leave  the  port  and 
accompany  the  butter  on  the  steamer  to  its  place  of  destination.  This 
is  the  plan  followed  by  these  other  agricultural  countries  that  are  send- 
ing out  agents.  The  agents  are  instructed  to  begin  at  the  beginning 
and  to  trace  the  trade  to  its  final  destination,  in  order  to  gain  an  accu- 
rate knowledge  of  all  its  conditions.  The  consular  officers  are  Neces- 
sarily engrossed  a  good  deal  of  the  time  with  the  routine  of  the  consular 
business.  As  a  matter  of  fact,  they  can  not  always  take  the  time  neces- 
sary to  make  a  thorough  investigation  of  special  inquiries  sent  to  them. 
Furthermore,  a  consul  is  appointed  to  represent  the  United  States  trade 
interests  as  a  whole,  and  when  the  Department  of  Agriculture,  through 
the  State  Department,  as  is  necessaiy,  sends  to  him  for  certain  infor- 
mation about  a  particular  feature  of  the  agricultural  export  trade,  that 
consul  may  have  on  file  in  his  office,  and  probably  has,  a  number  of 
requests  from  other  sources  that  take  precedence,  and  so  the  Depart- 
ment of  Agriculture  has  to  wait.  The  consul's  attention  is  necessarily 
divided.  He  is  not  working  in  the  interest  of  agriculture  any  more 
than  he  is  in  the  interest  of  other  industries,  and  that,  of  course,  is 
a  great  objection  from  our  point  of  view.  It  is  very  important  for 
us  to  have  men  abroad  whom  we  can  direct  and  who  can  work  under 
the  Department's  supervision.  That  is  the  reason  why  I  feel  that  we 
never  can  expect  from  the  consular  service,  no  matter  how  much  it 
may  l>e  improved,  such  results  as  other  countries  are  getting  from 
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the  employment  of  agricultural  experts  working  in  foreign  countries. 
I  believe  that  the  employment  of  special  agents  of  the  Department 
abroad  is  the  most  feasible  way  of  getting  the  information  we  want. 
By  placing  the  right  kind  of  men  in  competing  countries  and  in  coun- 
tries that  afford  us  most  of  our  markets,  we  can  undouotedly  gather 
information  that  will  be  of  great  value  in  extending  our  trade. 

AGRICrLTURAL    ATTACnKS    AT   EMBASSIES. 

To  supplement  the  work  that  can  be  expected  from  these  special 
agents,  I  am  in  favor  of  appointing  agricultural  attaches  to  our  embas- 
sies in  certain  of  the  most  impoVtaut  countries.  I  am  in  favor  of  that 
plan  because  of  our  experience  in  one  case,  that  of  Dr.  Stiles,  who  was 
stationed  at  Berlin  as  an  agricultural  attach^,.  Although  nominally  a 
diplomatic  official,  and  having  from  the  State  Department  an  appoint- 
ment as  such,  he  was  paid  b\'  the  Department  of  Agriculture  and  was 
under  the  direction  of  our  Department.  His  work  wa.s  of  great 
advantage  to  the  Department.  He  traveled  about  over  Europe,  as 
occasion  seemed  to  demand,  following  the  instructions  of  the  Depart- 
ment, in  order  to  investigate  matters  affecting  our  agricultural  export 
trade,  and  in  this  capacity  he  rendered,  on  the  whole,  a  most  valuable 
service.  His  appointment  was,  of  course,  something  of  an  experiment, 
but  I  think  that  it  was  eminently  successful.  It  is  my  belief  that  a 
few  such  agricultural  attaches,  having  a  diplomatic  status,  could  be  of 
gi'eat  service  abroad  to  our  agricultural  interests.  Their  diplomatic 
status  would  give  them  certain  advantages  over  other  agents. 

Q.  (By  Mr.  A.  L.  Harris.)  They  would  be  ver}^  valuable  in  study- 
ing the  wants  and  tastes  of  foreign  people  also,  so  as  to  learn  the 
proper  preparation  of  our  agricultural  products  for  export,  would 
they  not'^ — A.  That  is,  of  course,  at  the  base  of  our  export  trade. 
Fii*st  of  all,  we  must  put  up  a  product  that  will  be  acceptable  in  the 
market  to  which  it  is  sent.  It  is  of  the  highest  importance  to  study 
the  peculiar  tastes  and  requirements  of  the  various  foreign  markets  in 
order  that  We  may  know  what  kind  of  a  product  to  prepare  for  export. 

ADDITIONAL  EXAMPLES   OF  EXPORT   MEASURES  TAKEN   BY   FOREIGN 

COUNTRIES. 

EXPORTS   OF    BACON    FROM    DENMARK. 

I  spoke  of  the  Canadian  bacon  trade  competing  somewhat  with  the 
Danish  bacon  trade.  The  Danes  have  been  preeminently  successful  in 
meeting  the  requirements  of  foreign  markets,  and  especially  of  their 
great  foreign  market,  the  British  market.  Soon  after  the  Danes  had 
placed  their  export  trade  in  butter  on  a  sure  footing  they  began  to 
reach  out  after  a  market  for  bacon  in  Great  Britain.  They  studied 
the  wants  of  that  market  and  they  produced  a  bacon  that  met  those 
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wants.  In  1880  they  exported  about  13,000,000  pounds  of  pork, 
chiefly  bacon.  In  1890  they  exported  65,000,000  pounds.  In  1898, 
the  last  year  for  which  we  have  their  figures,  they  exported  135,000,(MX> 
pounds,  sending  most  of  it  to  Great  Britain.  In  less  than  twenty 
years  they  developed  a  trade  that  now  amounts  in  value  to  about 
$15,000,000.  They  did  so,  as  I  said,  by  studying  the  requirements  of 
the  British  market  and  meeting  those  requirements. 

EXPORTS   OF   BAa)N    FROM   CANADA. 

Q.  Are  there  any  other  countries  becoming  competitors  of  American 
products  along  the  line  of  studying  the  wants  and  tastes  and  methods 
of  supplying  those  wants  or  tastes  'i — A.  As  the  Canadian  people  fol- 
lowed the  Danes  in  their  methods  of  exporting  butter,  so  the}"  have 
followed  them  in  regard  to  the  bacon  export  trade — the  two  products 
naturally  go  hand  in  hand.  Canada  took  the  same  measures  that  Den- 
mark had  taken  to  get  at  the  requirements  of  Great  Britain  in  that 
product,  and  the  result  is  shown  by  the  Canadian  export  figures.  In 
1890  Canada  shipped  of  bacon  about  7,000,000  pounds,  chiefly  to  Great 
Britain.  In  1899,  within  a  decade,  the  Canadian  exports  amounted  to 
nearly  112,000,000  pounds. 

EXPORTS  OF   BACON   FROM   THE  UNITED  eTATBS. 

Our  own  exports  of  bacon,  of  course,  are  enormous,  but  they  do  not 
show  any  such  growth  as  I  have  just  exhibited  for  Denmark  and 
Canada.  In  fact,  there  seems  to  be  danger  of  a  decline  in  our  export 
trade  in  bacon.  We  are  beginning  to  feel  seriously  the  competi- 
tion of  these  other  exporting  countries.  The  first  year  for  which 
our  shipments  of  bacon  were  separately  reported  is  1881.  In  that 
year  we  exported  673,000,000  pounds  of  bacon,  valued  at  alx)ut 
^54,000,000.  In  1890  we  exported  532,000,000  pounds,  valued  at 
about  $39,000,000.  In  1895  we  exported  only  453,000,000  pounds, 
valued  at  about  $38,000,000.  Last  year,  1899,  we  exported  563,000,000 
pounds,  worth  about  $42,000,000.  While  our  exports  for  1899  were 
larger  than  those  for  1890  and  1895,  you  will  see  that  they  were  con- 
siderably smaller  than  our  exports  in  1881,  ^vhich  was  about  the  time 
when  the  bacon  shipments  from  these  other  countries  were  beginning 
to  become  prominent.  Taking  the  record  of  1899,  we  find  that  we 
sent  abroad  in  that  year  ov^er  100,000,000  pounds  less  than  in  1881, 
about  twenty  years  ago.  It  is  a  question  whether  in  the  years  to 
come  we  shall  not  feel  still  more  seriously  the  competition  of  such 
countries  as  Denmark  and  Canada,  and  also  the  Australasian  colonies 
that  are  now  beginning  to  ship  bacon  to  England,  unless  we  take  some 
measures  to  adapt  our  product  more  closely  to  the  requirements  of  the 
British  market. 
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KIND  OP  BACON   PBEFEBRBD   IN  ENOLANB. 

The  bacon  preferred  by  the  British  nation  is  what  is  known  as  the 
Wiltshire  bacon.  It  is  different  from  our  bacon  in  being  much  leaner 
and  firmer.  The  objection  to  our  bacon  is  that  it  is  too  fat,  being  a 
corn-fed  bacon.     It  does  not  bring  as  high  a  price. 

Q.  They  prefer  a  streak  of  lean  and  a  streak  of  fat,  instead  of  all 
fat? — A.  They  like  a  leaner  bacon  than  ours.  The  Tamworth  and 
Yorkshire  swine  seem  to  be  the  preferred  breeds  for  producing  bac^on 
for  the  British  market. 

Q.  (By  Mr.  Fabquhar.)  Is  not  one  of  the  reasons  that  we  fatten 
our  hogs  too  fast,  and  that  makes  a  fatter  meat? — A.  Yes,  they  are 
too  fat;  that  is  the  chief  objection. 

PRICES  OF  BACON  IN  ENGLAND. 

I  was  about  to  quote  the  import  prices  in  England  of  the  bacon 
received  from  the  United  States,  from  Canada,  and  from  Denmark.  In 
1899  the  average  annual  price  of  the  bacon  imported  into  the  United 
Kingdom  from  the  United  States  was  about  7  cents  a  pound,  the  exact 
quotation  being  6.96  cents.  The  average  price  of  the  bacon  imported 
from  Canada  was  7.3  cents  a  pound.  The  average  price  of  the  bacon 
Imported  from  Denmark  was  10.6  cents  per  pound.  In  other  words, 
there  was  a  difference  during  1899  of  about  3i  cents  per  pound  in  favor 
of  the  Danish  pork  over  ours,  which  is  very  significant.  When  you 
consider  the  fact  that  we  exported  last  year  563,000,000  pounds  of 
bacon,  most  of  which  went  to  Great  Britain,  you  can  readily  see  that 
even  a  slight  enhancement  in  the  price  would  have  meant  an  enormous 
gain  to  the  Americaji  farmer.  If  the  importance  of  this  matter  could 
be  brought  home  to  producers  in  the  United  States,  so  as  to  lead  them 
to  change  their  methods  of  production  by  selecting  only  the  preferred 
bacon  breeds  and  feeding  the  kind  of  rations  that  will  produce  the 
bacon  most  highly  favored  abroad,  it  would  be  a  most  profitable  lesson, 
I  am  sure,  for  the  farming  conmiunity. 

The  case  of  bacon  illustrates  in  a  very  striking  manner,  I  think,  the 
point  that  you  just  suggested  about  the  importance  of  ascertaining  and 
meeting  the  exact  requirements  of  foreign  markets. 

METHODS   ADOPTED  BY   AUSTRALASIAN   COLONIES. 

Q.  (By  Mr.  A.  L.  Harris.)  I  believe  you  have  covered  all  the  points 
that  I  have  down  here.  Professor,  together  with  suggestions  as  to  the 
possibilities  of  the  extension  of  our  markets,  and  I  do  not  know  but  so 
far  as  additional  legislation  is  concerned.  If  you  have  anything  fur- 
ther, however,  to  suggest  in  regard  to  any  remedy  for  the  grievances 
that  you  have  mentioned,  the  commission  will  be  glad  to  hear  you. — 
A.  I  spoke  quite  fully  of  what  Canada  had  been  doing,  and  referred 
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in  a  general  way  to  what  the  Australasian  colonies  had  attempted  as 
regards  governmental  control  of  and  aid  to  the  agricultural  export 
trade.  I  should  like  to  mention  a  plan  that  has  been  adopted  by  New 
South  Wales,  one  of  the  most  progressive  of  the  Australasian  colonies, 
in  the  interest  of  the  export  trade.  In  1895  the  government  of  that 
colony  appointed  an  export  board,  so  called — ''  Board  for  Exports"  was 
the  official  title,  I  believe — to  take  under  consideration  plans  for  the 
development  of  a  larger  export  trade  in  the  products  of  the  colony. 
The  method  pursued  by  the  board  was,  at  the  outset,  to  hold  confer- 
ences with  leading  representatives  of  the  various  agricultural  inter- 
ests, such  as  the  dairying  industry,  the  meat  exporters,  the  grain 
shippers,  etc.  The  leading  producers  and  shippers  of  the  various 
export  commodities  were  called  into  consultation  by  the  board  and  their 
opinions  solicited  as  to  the  best  measures  to  be  taken  to  assist  their 
particular  branches  of  the  trade.  As  a  result  of  these  conferences  a 
great  deal  of  valuable  and  practical  information  was  elicited,  and  the 
board,  on  the  strength  of  what  it  had  thus  learned,  made  certain  rec- 
ommendations to  the  government,  which  were  afterwards  carried  out. 

Qovemmerd  aid  and  control, — In  a  general  way  the  measures  adopted 
in  Australasia  correspond  leather  closely  to  what  has  been  done  in  Den- 
mark and  in  Canada;  but,  if  anything,  the  Australasian  colonies  have 
gone  even  farther  than  those  countries  in  the  direction  of  government 
aid  and  control.  New  South  Wales  and  Victoria,  I  think,  were  the 
prime  movers  in  the  project  to  assist  the  export  trade  of  Australasia  by 
State  intervention,  but  the  other  colonies  have  been  quick  to  see  the 
advantages  of  such  a  movement,  and  they  are  now  adopting  similar 
provisions. 

Better  transportation  a/ad  termi/nal  facUities. — One  of  the  first  things 
done  by  the  Australasian  colonies  to  facilitate  their  export  trrde  was 
the  securing  of  better  transportation  facilities  by  rail  from  the  farm- 
ing districts  to  the  ports  of  shipment.  Cold  storage  on  the  trains  was 
procured,  as  it  had  been  in  Canada,  and  cold-storage  warehouses  were 
established  at  the  ports  of  shipment  where  products  could  be  safely 
kept  until  the  time  of  sailing.  Arrangements  were  also  made  with  the 
steamship  companies  to  provide  regular  sailings  from  the  ports  to  the 
British  market  and  to  furnish  refrigeration  facilities  on  board.  Another 
method  taken  by  the  Australasian  colonies  was  the  establishment  of 
cold-storage  depots  and  warehouses  at  London  and  other  British  porbs. 
Several  of  the  colonies  have  depots  there  for  their  products,  under  the 
management  and  control  of  government  agents,  who  receive  the 
produce  as  it  comes  from  the  ship,  keep  it  in  cold  storage  when 
necessary,  and  take  measures  for  its  proper  disposal  in  the  market. 
The  establishment  of  these  terminal  depots  has  undoubtedly  rendered 
great  assistance  to  the  Australasian  export  trade. 

Special  agents  abroad  to  si/ad/y  methods, — ^The  colonies  of  Australasia 
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have  also  adopted  the  policy  of  sending  agents  to  study  the  methods  of 
other  exporting  countries.  Their  agents  have  come  to  the  United 
States  to  study  our  methods;  they  have  gone  to  Canada  to  study  the 
methods  there;  they  have  visited  Denmark  and  other  countries  for  the 
same  purpose — and  in  each  instance  have  reported  to  their  own  govern- 
ments the  results  of  their  investigations.  These  colonial  governments 
have  taken  pains  to  study  the  methods  of  other  countries  in  order  to 
follow  them,  as  far  as  it  seemed  wise,  in  developing  their  own  trade. 

PtizeafoT  heat  reauLU. — The  Australasian  colonies  have  also  adopted 
one  of  the  most  important  plans  inaugurated  by  Denmark,  namely, 
that  of  offering  prizes  for  products  put  up  in  the  best  shape  for  export. 
The  government  furnishes  the  producers  with  careful  instructions  as 
to  the  kind  of  product,  style  of  packing,  marking,  labeling,  etc.,  desired 
for  the  export  trade,  and  under  these  conditions,  at  stated  intervals, 
contests  are  held,  at  which  liberal  prizes  are  offered  for  the  products 
that  best  fill  the  requirements.  This  plan  of  offering  prizes  for  supe- 
rior export  produce,  and  thus  furnishing  an  immediate  incentive  to 
the  producer,  was  a  very  important  factor,  it  is  said,  in  bringing  the 
export  butter,  bacon,  etc.,  of  Denmark  up  to  a  high  standard,  and  the 
official  reports  from  the  Australasian  colonies  indicate  that  it  haj9  also 
been  an  important  factor  there. 

ADULTERATION  OF  EXPORT  PRODUCE. 

Q.  (By  Mr.  Kennedy.)  Do  you  believe  that  the  adulteration  of 
manufactured  products  in  America  is  ruining  the  foreign  markets  for 
those  products,  and  that  these  people  that  you  speak  about  seeing 
abroad  are  thus  taking  advantage  of  it  to  gain  those  markets  with 
pure-food  products? — ^A.  Wherever  we  are  losing  trade  on  the  ground 
you  mention,  these  other  exporting  countries  are  unquestionably  tak- 
ing advantage  of  the  fact.  When  the  inferior  quality  of  one  of  our 
products  causes  it  to  find  a  less  ready  sale  in  a  foreign  market,  our 
competitors  are  quick  to  grasp  the  opening  thus  afforded;  there  is  no 
doubt  of  that. 

KECENT  GROWTH  OF  COMPETITION. 

And,  generally  speaking,  1  wish  to  say  that  the  question  of  compe- 
tition in  regard  to  our  agricultural  exports  has  only  of  late  been 
assuming  such  great  importance.  It  has  become  a  more  vital  ques- 
tion within  the  last  few  years  because  of  these  very  measures  that  are 
being  taken  by  competing  countries  to  gain  and  control  the  foreign 
markets  upon  which  we  have  hitherto  depended.  The  measures  that  I 
have  mentioned  are  all  comparatively  recent.  Foreign  countries  have 
been  doing  more  within  the  last  decade  than  ever  before  in  the  way  of 
pushing  by  governmental  assistance  the  exports  of  their  agricultural 
products.    It  is  therefore  important  for  us  to  take  more  active  meas- 
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ures  as  regards  our  own  exports  if  we  do  not  wish  to  fall  behind.  The 
figures  that  I  have  quoted  as  to  the  exports  of  butter  from  Denmark, 
Australasia,  and  Canada,  the  exports  of  cheese  from  Canada,  and  of 
bacon  from  Denmark  and  Canada,  are,  to  my  mind,  very  significant, 
and  should  serve  as  a  warning  to  our  own  producers  who  depend  upon 
the  foreign  market. 

TIME   FOR  MORE  AOTTVE  GOVERNMENT  ATTENTION. 

Q.  (By  Mr.  A.  L.  EUrris.)  You  think  the  time  is  coming,  if  not 
here,  that  the  Government  may  well  take  some  steps  in  the  way  of 
extending  and  holding  our  markets? — A.  I  do,  most  assuredly.  I 
think  it  is  time  for  the  Government  to  give  the  subject  more  active 
attention. 

VALUE    OF  OONSUIAR  AND   DIPLOMATIC  AID. 

Q.  Have  you  anything  additional  that  you  care  to  suggest? — A. 
There  is  one  thing  further  that  I  should  like  to  say  to  the  committee 
before  closing.  I  do  not  wish  to  be  misunderstood  about  my  reference 
to  the  consular  service.  I  do  not  want  to  underestimate  the  value  of 
the  services  that  the  consular  corps  can  render  and  does  render.  There 
is  no  question  that  the  consular  sei'vice  as  at  present  constituted  is  sup- 
plying a  great  deal  of  valuable  information  to  our  exporters.  I  think 
that  the  services  of  the  consuls  are,  as  a  rule,  decidedly  valuable,  but 
I  have  been  impressed  with  the  importance  of  adopting  some  additional 
measures,  such  as  are  taken  by  the  countries  with  which  we  have  to 
compete.  I  am  in  favor  of  sending  out  as  foreign  agents  men  specially 
qualified  to  acquire  information  regarding  the  agricultural  export  trade. 
I  believe  that  experts  along  that  line  can  add  greatly  to  the  service  we 
are  receiving  at  the  hands  of  the  consular  officials.  There  are  also 
some  special  advantages  to  be  gained  by  having  a  few  representatives 
in  the  diplomatic  service — representatives  solely  of  the  agricultural 
interests.  There  are  several  cases,  as  you  know,  where  agricultural 
attaches  have  been  appointed  by  other  nations.  One  case  is  that  of 
Baron  Herman,  here  in  Washington,  who  was  appointed  by  the  Ger- 
man Government  as  an  agricultural  attach^  to  its  embassy  in  the  United 
States.  His  expert  knowledge  of  agricultural  matters  makes  him 
remarkably  well  qualified  for  the  position,  and  he  is  undoubtedly  ren- 
dering most  valuable  services  to  the  German  Government.  Only  a  few 
days  ago  Baron  Herman  called  at  my  office  to  present  a  similar  attach^ 
who  had  just  been  appointed  by  the  Austro-Hungarian  Government  as 
an  agricultural  expert  at  Washington.  Foreign  agriculturists  recog- 
nize the  advantage  of  having,  in  addition  to  the  consular  service,  spe- 
cial representatives  abroad  working  solely  for  the  agricultural  interests, 
and  I  feel  that  it  is  important  for  us  to  adopt  the  same  advantageous 
measures.     We  should  avail  ourselves  of  equal  facilities  or  better. 
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There  is  another  thought  that  has  just  occurred  to  me.  It  is  that  a 
great  deal  can  be  done  for  our  export  trade  through  the  medium  of  the 
various  expositions  that  are  held  periodically  all  over  the  world.  I 
believe  that  it  would  be  profitable  for  the  Government  to  take  even 
greater  measures  than  it  has  in  the  past  to  have  at  all  such  expositions 
an  ample  display  of  our  agricultural  products. 

• 

CONCLUSION. 

In  answering  the  interrogatories  of  the  committee,  I  have  not  pre- 
tended to  mention  all  the  measures  that  might  be  thought  of  to  extend 
our  agricultural  export  trade.  I  have  simply  endeavored  to  touch 
upon  what  appeared  to  be  the  most  important  features  of  the  subject 
as  suggested  by  your  questions. 

(Testimony  closed.) 
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tion with  your  Division,  as  he  has  just  accepted  a  position  in  the  Impe- 
rial University  at  Tokyo,  Jajmn. 
Respectfully, 
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CATALASE,  A  NEW  ENZTM  OF  GENERAL  OCCURRENCE,  WITH  SPECIAL 

REFERENCE  TO  THE  TOBACCO  PLANT. 


HUKtOHXOAL  KOtSB. 

That  extracts  of  various  ve^table  and  animal  tissues  are  capable  of 
decompoeing  hydrogen  peroxid  with  the  evolution  of  oxygen  was  first 
observed  by  Schoenbein/  He  ascribed  the  phenomenon  to  the  various 
soluble  ferments  (enzyms)  occurring  in  the  organisms.  The  property 
of  producing  a  blue  coloration  with  tincture  of  guaiac  in  the  presence 
of  hydrc^en  peroxid  was  also  ascribed  by  him  to  these  ferments.  He 
observed  both  of  these  reactions  with  wheat  flour,  malted  and  unmalted 
barley^  almonds,  mustard,  potatoes,  and  various  roots;  frequently  also 
with  the  juices  of  leaves,  stems,  flowers,  and  fungi.  He  mentions  as 
a  rem&rkable  exception  that  the  two  reactions  fail  to  accompany  each 
other  in  beer  yeast,  since  this  yeast  decomposes  hydrc^n  peroxid  but 
does  not  give  the  blue  reaction  with  guaiac  and  hydrogen  peroxid.* 
Among  animal  objects  he  obtained  both  reactions  with  saliva,  seci'e- 
tions  of  the  mucous  membrane,  the  stomach,  and  the  blood.  Schoen- 
bein  endeavored  to  explain  the  blue  guaiac  reaction  by  the  assump- 
tion that  the  soluble  ferments  are  capable  of  transforming  oxygen  into 
ozone;  but  neither  this  assumption  nor  the  assertion  that  the  soluble 
ferments  in  general  give  a  blue  guaiac  reaction  in  the  presence  of 
hydrogen  peroxid  has  been  found  to  be  correct.  Investigations  of 
^recent  years  have  shown  that  the  blue  guaiac  reaction  is  due  to  a  sep- 
arate enzym  belonging  to  the  new  group  of  the  oxidases.'  Sufficiently 
purified  diastase,  for  instance,  does  not  show  this  blue  reaction,  but 
less  purified  diastase  very  frequently  does.  This  is  not  surprising, 
since  various  enzyms  frequently  accompany  one  another  in  the  cells  and 
show  a  similar  behavior  toward  solvents.  A  mixture  of  enzyms  is  there- 
fore frequently  obtained  in  the  attempt  to  separate  a  single  enzym. 

"Joum.  farprakt.  Ch«m.,  vol.  89  (1863). 

•  A  sample  of  yeast,  however,  examined  by  the  writer,  gave  a  faint  blue  reaction. 

•The  blue  guaiac  reaction,  obtained  in  certain  cases  with  and  in  other  cases  with- 
out the  addition  of  hydrogen  peroxid,  was  observed  by  Th^nard  and  Blanche  and 
Taddei  before  the  observation  was  made  by  8choenbein.  Schoenbein  mentions  that 
pure  mercury  and  the  noble  metals  also  produce  the  blue  reaction  without  the  aid 

of  hydrogen  peroxid. 
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As  to  the  other  property  mentioned  above — ^that  of  decomposing 
hydrogen  peroxid — ^it  is  at  the  present  day  still  generall}'  ascribed  to 
the  various  soluble  ferments  or  enzyms;  but  the  writer  will  show  in 
the  following  discussion  that  this  reaction  also  is  due  to  a  separate 
enzym  of  general  occurrence.  No  other  enzym  but  this  particular  one 
shows  this  behavior  toward  hydrogen  peroxid. 

Before  entering  upon  a  description  of  this  enzym,  however,  the 
literature  in  regard  to  this  subject  should  be  reviewed.  Flugge  men- 
tions, in  his  recent  work  on  the  micro-organisms,*  that  the  property 
of  decomposing  hydrogen  peroxid  is  characteristic  of  all  enzyms. 
Epstein,'  and  Babcock  and  Russell'  adopt  the  same  view. 

The  first  to  dissent  from  this  generally  accepted  opinion  was  P. 
Bergengrun,*  who  found  that  the  fibrin  ferment  does  not  show  the 
property  of  decomposing  hydrogen,  but,  on  the  contrarj',  is  destroyed 
by  it.  He  was  inclined  to  ascribe  the  catalytic  property  to  the  living 
protoplasm  itself,  but  he  did  not  take  into  consideration  the  fact  that 
in  some  of  his  experiments  he  had  killed  the  protoplasm  befoi*e  he 
made  the  addition  of  hydrogen  peix)xid.  He  tested  blood,  leucocytes, 
crushed  spleen,  the  expressed  juice  of  lymphatic  glands,  and  also  yeast 
cells,  and  infusoria.  The  infusoria  rapidly  died,  with  a  granular  dis- 
organization, while  their  bodies  became  covered  over  with  fine  bubbles 
of  oxygen  gas.  He  found  that  the  power  of  decomposing  hydrogen 
peroxid  varied  very  much  with  different  objects,  and  that  even  the  blood 
of  different  animals  varied  in  activity.  The  blood  of  cattle  acts  more 
powerfully  than  that  of  horses,  and  the  blood  of  horses  acts  more 
powerfully  than  that  of  dogs.  In  all  cases,  however,  the  activity  is 
sooner  or  later  lost.  He  further  observed  that  it  is  not  the  haemoglo- 
bin of  the  red  blood  corpuscles  which  has  this  activitj%  as  some  authors 
had  supposed,  but  that  it  is  the  stroma  of  these  corpuscles  with  which 
this  activity  is  connected.  Alexander  Schmidt  had  previously  observed 
that  the  better  the  haemoglobin  is  purified  the  more  it  loses  its  prop- 
erty of  decomposing  hydrogen  peroxid."* 

In  1892  Jacobson  studied  this  reaction  further.*  He  noted  that  pep-' 
sin,  ptyalin,  and  myrosin  yield  only  small  quantities  of  oxygen  in 

*  Flugge,  Die  Micro-organismen,  Vol.  I,  p.  213. 
'Arch.  Hyg.,  vol.  36,  p.  140. 

"Centralbl.  f.  Bakt.,  II  Abt,  vol.  6,  p.  19. 

*Ueber  die  Wechselwirkung  zwischen  Waaseretoffsuperoxyd  iind  verschiedenen 
Protoplaema-Formen.     Dorpat^  1888. 

*  Bergengrun,  in  discuasing  Schoenbein's  observations,  mentions  that  Schoenbein 
applied  only  highly  diluted  and  acid  solutions  of  hydrogen  peroxid  in  his  experi- 
ments, since  he  prepared  them  by  rather  primitive  methods,  which  explains  some 
discrepancies  in  the  observations  of  the  two  authors. 

•Zeitschrift  fiir  physiol.  Chem.,  vol.  16,  p.  340.  Untersuchungen  uber  losliche 
Fermente.  Various  statements  of  Jacobson's  as  to  an  apparently  different  behavior  of 
the  •* catalytic  power"  in  pancreas  extract  and  in  almond  emulsion  may  now  be 
explained  by  differences  in  the  amount  of  soluble  and  insoluble  catalase  (see  Ijelow.) 
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contact  with  hydrogen  peroxid,  while  cold  prepared  extracts  of  malt, 
of  almonds,  and  of  the  pancreas  gland  yield  a  very  intense  develop- 
ment, which  he  ascribed  to  the  action  of  diastase,  emulsin,  and  pan- 
creatin,  respectively.  He  made  the  interesting  observation  that  this 
peculiar  power  could  be  destroyed  b\^  heating  to  a  certain  tempera- 
ture, by  "exhaustion  of  the  catalytic  power"  of  decomposing  hydro- 
gen peroxid,  and  by  dilute  solutions  of  acids  and  various  poisons,  with- 
out injuring  or  destroying  the  main  and  characteristic  fermentative 
activity.  It  seems  strange  that  he  did  not  draw  the  further  infer- 
ence that  the  agency  which  decomposed  the  hydrogen  peroxid  might 
be  something  else  than  the  known  enzyms.  It  would  seem,  a  priori, 
very  improbable  that  diastase,  for  example,  could  be  so  changed  by 
hydrogen  peroxid  as  to  lose  one  activity  without  also  losing  its  other 
chief  characteristics — in  short,  that  it  could  lose  the  power  of  decom- 
posing hydrogen  peroxid  without  also  losing  the  power  of  trans- 
forming starch  into  maltose  and  dextrin. 

The  next  author  to  treat  of  this  question  was  W.  Spitzer,^  who 
expressed  the  opinion  that  the  power  of  the  blood  to  destroy  small 
amounts  of  glucose  is  accompanied  by  the  power  of  decomposing 
hydrogen  peroxid.  But  while  in  1895  he  still  ascribed  the  power  of 
decomposing  hydrogen  peroxid  in  general  to  various  other  enzyms,  in 
a  later  article*  he  ascribes  this  power  to  one  enzym  only,  namely,  to 
that  oxidizing  enzym  which  gives  a  blue  reaction  with  guaiac  tincture 
in  the  presence  of  hydrogen  peroxid — peroxidase.  The  writer  shows 
further  on,  however,  that  this  assumption  also  is  incorrect  and  proves 
that  the  two  properties  belong  to  two  different  enzyms. 

The  simple  observation  that  the  insoluble  part  of  green  tobacco 
leaves  shows  a  much  more  powei*f  ul  action  upon  hydrogen  peroxid  than 
the  soluble,  and  that  tobacco  five  to  six  years  old  may  have  the  power 
of  energetically  decomposing  hydrogen  peroxid  in  the  absence  of  any 
other  enzym,  first  induced  the  writer  to  investigate  the  final  cause  of 
the  catalytic  action  on  hydrogen  peroxid. 

After  this  bulletin  was  finished  the  attention  of  the  writer  was  called 
to  the  publication  of  E.  Lepinois,  in  the  C!ompt.  rend,  de  la  Soci^t6  de 
Biologic  of  May  26,  1899,  entitled  "Sur  les  ferments  solubles  d^com- 
posants  I'eau  oxyg^n^e."  This  investigator  compared  extracts  of  the 
thyroid  gland,  pancreas,  liver,  and  ovaries  with  regard  to  their  power 
of  catalyzing  hydrogen  peroxid  and  determined  how  far  this  action  is 
diminished  by  the  addition  of  small  quantities  of  hydrochloric  acid  and 
of  potassa.  While  the  three  glands  mentioned  yielded  nearly  equal 
quantities  of  oxygen,  the  ovaries  gave  only  about  one-fourth  as  much. 
The  final  remark  of  this  author  is  of  some  interest:  "'  Enfin,  j'ai  observe 
qu'il  n'y  a  pas  toujours  un  rapport  ^troit  entre  la  quantity  d'oxygfene 

^Pfliiger'8  Archiv,  vol.  60,  p.  303  (1895). 
Mbid.,  vol.  67  (1897). 
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d^gagi^  et  Faction  exerc^  simultan^ment  sur  divers  r^tif b,  tels  que  la 
teinture  de  r^sine  de  galac,  le  galacol,  etc."  (Finally,  I  have  observed 
that  there  does  not  always  exist  a  parallelism  between  the  quantities 
of  oxygen  developed  and  the  intensity  of  other  reactions,  as  that  upon 
tincture  of  guaiac,  guaiacol,  etc.) 

IS  THE  PBOPBBTT  07  mCOKPOBOTO  HTDBOGXH  PEBOZID  BUZ 

TO  ANT  KNOWN  XNZTMP 

In  the  course  of  the  examination  of  various  tobacco  samples  for  the 
presence  of  oxidase  it  was  noticed  in  a  sample  of  ^^  Zinuner  Spanish  *' 
of  the  crop  of  189S  that  an  aqueous  extract  gave  an  energetic  develop- 
ment of  oxygen  upon  the  addition  of  hydrogen  peroxid  without  yield- 
ing a  blue  coloration  in  the  presence  of  guaiac  tincture. 

In  order  to  see  whether  other  enzyms  that  might  occur  in  cured  and 
sweated  tobacco  were  present,  a  concentrated  extract  of  finely  powdered 
tobacco  was  prepared  in  the  cold  in  such  a  way  that  the  extract  of  one 
portion  was  used  for  extracting  the  next  portion,  and  so  on.  A  small 
portion  of  boiled  starch — just  enough  to  give  a  distinct  reaction  with 
iodine — ^was  added  to  one  portion  of  this  concentrated  extract.  A  few 
drops  of  diluted  egg  albumen  were  added  to  another  portion,  and 
some  amygdalin  was  added  to  a  third  portion.  After  the  addition  of 
a  few  drops  of  ether  the  three  portions  were  heated  in  closed  vessels 
at  a  temperature  of  60^  C.  for  twenty-four  hours,  but  there  was  not 
the  slightest  trace  of  any  action  noticed.  The  iodine  reaction  with  the 
first  portion  was  of  the  same  intensity  as  before.  The  coagulation  of 
albumen  by  nitric  acid  in  the  second  portion  was  as  voluminous  as 
before,  and  in  the  third  portion  no  odor  of  benzaldehyde  was  noted. 
Another  portion  was  tested  with  guaiac  solution  with  and  without  the 
addition  of  hydrogen  peroxid,  but  no  blue  reaction  was  obtained. 
Hence  the  sample  contained  neither  diastase,  proteolytic  enzym,  emul- 
sin,  oxidase,  nor  peroxidase,  nevertheless  the  property  of  decomposing 
hydrogen  peroxid  was  very  powerful.* 

In  a  second  test  for  emulsin  3  grams  of  the  same  tobacco  were 
finely  pulverized  and  digested  with  20  cc.  wat^r  and  0.2  gram  amyg- 
dalin for  one  hour,  but  no  trace  of  prussic  acid  and  benzaldehyde  was 
observable.  A  very  small  amount  of  emulsin  was  now  added  to  this 
mixture  for  control,  and  after  a  few  minutes  the  odor  of  these  products 
of  hydrolysis  of  amygdalin  was  noticed.  A  further  test  was  made  to 
see  whether  emulsin  was  present  in  fresh  tobacco  lea\'es.    The  pulp 

^  It  may  be  mentioned  here  that  green  tobacco  leaves  contain  so  little  amylolytic 
and  proteolytic  enzym  that  it  requires  special  tests  to  prove  their  presence.  During 
the  curing  period  of  the  tobacco  leaves  these  enzyms  are  gradually  destroyed.  In 
most  cases  only  the  oxidase  and  peroxidase  still  remain  active,  but  in  the  sweating 
period  following  the  oxidase  is  in  most  cases  wholly  destroyed,  while  the  peroxidase 
still  exists.  In  course  of  time,  two  years  at  the  longest,  this  enzym  also  disappears, 
and  only  the  enzym  that  catalyzes  hydrogen  peroxid  remains. 


i 


11 

obtained  by  crushing  such  leaves  was  digested  for  several  hours  with 
dilxited  amygdalin  solution,  but  no  trace  of  decomposition  of  amygdalin 
was  noticed^  Here  also  an  addition  of  a  very  little  emulsin  caused, 
almost  at  once,  the  f oimation  of  prussic  acid  and  benzaldehyde.  We 
may  therefore  be  justified  in  concluding  that  neither  the  fermented 
nor  the  green  tobacco  leaves  contain  emulsin.  ^  These  tests  prove  that 
the  power  of  developing  oxygen  by  decomposition  of  hydrogen 
pjeroxid — in  other  words,  of  catalyzing  hydrogen  peroxid — ^is  not  due 
to  emulsin.  On  the  contrary,  direct  examination  of  sufficiently  purified 
emulsin  shows  that  it  is  incapable  of  such  action.  Furthermore, 
emulsin  prepai'ations  are  found  in  commerce  which  are  devoid  of  this 
property,  although  they  have  a  powerful  action  on  amygdalin. 

In  a  further  test  a  cold-prepared,  concentrated  extract  of  the  same 
tobacco  (Zimmer  Spanish,  sweated  1893)  was  saturated  with  ammonium 
sulphate,  and  the  precipitate,  after  being  pressed  between  filter  paper, 
was  dissolved  in  a  little  water  and  divided  into  two  parts.  One  part 
was  mixed  with  some  highly  dilute  starch  paste,  and  the  other  with 
1  per  cent  cane  sugar,  both  mixtures  being  digested  for  two  hours  at 
50^  C.  It  was  then  evident  that  the  iodine  reaction  for  starch  had  not 
in  the  least  diminished,  and,  further,  that  no  invert  sugar  was  formed; 
hence  neither  diastase  nor  invertase  existed  in  this  tobacco.  Another 
sample  of  sweated  tobacco  (from  Cuba)  also  served  for  a  test  for 
diastase.  One  gram  of  finely  pulverized  material  was  digested  with 
highly  dilute  starch  paste,  with  the  addition  of  some  ether,  in  a 
tightly  closed  flask  for  three  hours  at  from  45^  to  50°  C.  In  this  case, 
also,  no  decrease  of  starch  reaction,  hence  no  diastase,  could  be  observed. 
This  enzym,  therefore,  can  not  be  the  cause  of  the  catalysis  of  hydro- 
gen peroxid.  In  commerce  there  are  powerful  diastase  preparations 
which  exhibit  no  trace  of  the  power  of  catalyzing  hydrogen  peroxid. 
Thus,  a  pancreatic  diastase  which  contained  a  trace  of  peroxidase  as 
impurity  did  not  develop  a  trace  of  oxygen  when  brought  in  contact 
with  a  0.5  per  cent  solution  of  hydrogen  peroxid,  while  a  sample  of 
diastase  of  malt  showed  it  in  a  slight  degree,  and  a  sample  of  taka 
diastase  in  an  energetic  measure.  It  is  clear  that  these  preparations 
had  a  diflfei-ent  degree  of  purity. 

A  sample  of  the  papayotin  of  commerce  was  also  tested,  and,  while 
it  acted  powerfully  on  fibrin,  it  showed  no  action  on  hydrogen  peroxid 
and  was  also  free  from  peroxidase. 

The  supposition  might  be  entertained  that  it  is  the  peroxidase  which 
possesses  the  characteristic  property  of  catalyzing  hydrogen  peroxid. 
It  might  be  assumed  that  it  is  the  oxygen  liberated  in  statu  nascendi 
by  the  catalysis  of  hydrogen  peroxid  that  produces  the  blue  colora- 
tion which  the  peroxidase  shows  when  tincture  of  guaiac  and  a  little 

'The  aseertion  by  Behrens  (Landw.  Vere.-Stat.,  LII,  p.  438)  of  the  presence  of 
emulsin  in  cured  tobacco  is  not  sufficiently  sustained. 
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hydrogen  peroxid  are  added  to  vegetal  or  animal  juices;  but  the  fact 
is  that  this  blue  reaction  can  be  observed  in  liquids  which  have  not 
the  least  power  of  developing  gaseous  oxygen  when  hydrogen  peroxid 
is  added.  On  the  other  hand,  certain  animal  or  vegetable  matter  may 
show  great  power  of  catalyzing  hydrogen  peroxid  without  giving  the 
blue  peroxidase  reaction.  It  is  not,  then,  the  nascent  oxygen  which 
leads  to  the  oxidation  of  guaiac  (guaiaconic  acid)  in  the  peroxidase 
reaction,  but  it  is  the  still  undecomposed  peroxid  of  hydrogen  itself 
which  under  the  influence  of  the  peroxidase  produces  the  blue  com- 
pound. Some  instances  may  be  mentioned  which  plainly  prove  that 
there  is  no  direct  connection  between  the  power  of  catalyzing  hydrogen 
peroxid  and  the  property  of  causing  the  blue  peroxidase  reaction. 
There  is  in  commerce  a  kind  of  diastase  prepared  from  a  fungus 
{AHpergUlns  oryzce)^  the  so-called  taka  diastase,  which  does  not  give 
the  reaction  for  peroxidase,  but  shows  the  power  of  decomposing 
hydrogen  peroxid  in  a  very  high  degree.  Since  pure  diastase  does 
not  show  this  property,  as  above  mentioned,  this  diastase  preparation 
must  then  contain  an  admixture  of  another  active  principle.  On  the 
other  hand,  the  trypsin  of  commerce,  prepared  from  the  pancreatic 
gland,  often  shows  the  blue  reaction  for  peroxidase  without  being  able 
to  catalyze  hydrogen  peroxid.  It  often  contains  some  peroxidase  as 
an  impurity.  Furthermore,  the  filtrate  of  cultures  of  Penwillium 
ijlaucum  generally  yields  no  blue  reaction  with  guaiac  either  for  oxi- 
dase or  peroxidase,  but  has  the  power  of  catalyzing  hydrogen  peroxid 
in  a  high  degree.     The  same  is  true  for  cultures  of  various  bacteria. 

Tobacco  samples  of  commerce  also  show  the  power  of  catalyzing 
hydrogen  peroxid,  frequently  to  a  great  extent,  although  they  may 
have  lost  the  original  content  of  oxidase  and  peroxidase. 

A  case  where  the  blue  guaiac  reactions  were  obtained  in  the  absence 
of  the  power  of  catalyzing  hydrogen  peroxid  was  observed  with  green 
tobacco  leaves  gathered  from  greenhouse  plants  in  December.  The 
juice  was  mixed  with  one-fifth  of  its  volume  of  absolute  alcohol  and 
left  for  fifteen  hours  before  filtering.  Five  cc.  of  the  clear  filtrate 
were  mixed  with  15  cc.  water  and  5  cc.  hydrogen  peroxid,  but  no 
trace  of  oxygen  was  given  off,  while  the  blue  guaiac  rea<*tions  for  oxi- 
dase as  well  as  for  peroxidase  (after  killing  the  oxidase  by  heating  to 
70^  C.)  were  obtained  with  considerable  intensity'.  The  property  of 
catalyzing  hydrogen  peroxid  was  here  observed  only  with  the  insolu- 
ble parts  of  the  leaf.  In  the  following  chapters  further  instances  will 
be  mentioned  which  prove  that  these  two  reactions  are  produced  by 
different  principles. 

Since  it  is  clear  that  the  power  of  catalyzing  hydrogen  peroxid  is  not 
due  to  any  of  the  known  enzyms,  it  appears  justifiable  to  ascribe  this 
power  to  a  special  enzym.     The  writer  proposes  to  call  this  catalase.' 

*  The  objection  might  be  raised  that  this  name  would  apply  to  every  other  enzym 
as  well,  ])at  this  objection  does  not  carry  much  weight. 


18 

TWO  KINB8  OF  CATAIiASE. 

It  was  one  of  the  first  observations  of  the  writer  when  he  com- 
menced the  study  of  the  new  enzym  that  it  existed  in  an  insoluble  and 
in  a  soluble  form.  These  may  be  distinguished  as  a-  and  >^-catalase, 
respectively.  The  former  is  probably  a  compound  of  the  soluble  cat- 
alase  with  a  nucleo-proteid,  while  the  soluble  catalase  is  an  albumose 
and  can  be  liberated  by  the  action  of  very  dilute  alkaline  media  upon 
the  insoluble  catalase.  This  conversion  can  be  observed  well  in  the 
process  of  sweating  tobacco  in  bulk,  whereby  the  temperature  grad- 
ually reaches  60"  C,  and  ammonium  carbonate  is  generated  as  one  of 
the  products  of  the  destructive  processes  going  on.  Cured  tobacco 
contains  but  little  soluble  catalase,  while  well-sweated  tobacco  contains 
much.  For  example,  it  was  observed  that  the  cold-prepared  aqueous 
extract  of  2  grams  of  cured  tobacco  yielded  in  thirty  minutes,  on  the 
addition  of  dilute  hydrogen  peroxid  in  excess,  only  16.5  cc.  of  oxygen, 
while  the  same  tobacco  after  sweating  in  bulk  yielded  236  cc.  under 
similar  conditions. 

Sometimes  sweated  tobacco  proves  rich  in  y^-catalase,  as  may  be 
inferred  from  the  following  test.  Five  grams  of  finely  powdered 
tobacco  (Zimmer  Spanish)  were  digested  for  twenty-four  hours  with 
500  cc,  of  cold  water,  with  the  addition  of  some  chlorofoim.  Twenty 
cc.  of  this  highly  diluted  extract  yielded  in  thirty  minutes,  upon  the 
addition  of  5  cc.  hydrogen  peroxid,  34  cc.  oxygen.* 

Crude  >5-catalase  is  obtained  by  preparing  at  the  ordinary  tempera- 
ture a  concentrated  extract  from  tobacco  sweated  in  bulk,  with  water 
containing  chloroform,  asing  the  same  water  for  extracting  three  or 
four  portions  of  the  tobacco.  This  extract  is  saturated  at  the  ordi- 
nary temperature  with  ammonium  sulphate.  The  precipitate  thus 
obtained  is  dried  at  the  room  temperature  between  sheets  of  filter 
paper,  which  removes  most  of  the  adhering  salt  solution.  This  crude 
product  contains,  among  other  substances,  besides  adhering  ammonium 
sulphate,  a  brown  coloring  matter  which  can  not  be  removed  by  digest- 
ing the  solution  with  boneblack,  since  this  absorbs  the  dissolved  enzym 
also.  The  ammonium  sulphate  can  be  removed  by  osmosis,  and  the 
enzym  may  then  be  precipitated  by  alcohol.  The  activity  is  better 
preserved,  however,  when  the  fresh  moist  precipitate  is  dissolved  in 
some  glycerol.  Colorless  products  can  be  prepared  from  the  seeds  of 
clove?"  or  poppy;  but  these  preparations  are  weaker  than  that  from 
sweated  tobacco,  since  they  contain  more  impurities,  among  which 
may  be  found  a  little  peroxidase.     A  very  energetic  product  may  be 

*  The  hydrogen  peroxid  preparation  mentioned  in  this  bulletin  refers  to  the  com- 
mercial article.  It  contained  from  2. S  to  3.1  per  cent  pure  hydrogen  peroxid.  The 
weak  acid  reaction  was  removed  immediately  before  use  by  diluted  sodium  hydrate 
or  carbonate.  A  preparation  yielding  ten  times  its  volume  of  oxygen  by  catalysis 
contains  3.04  per  cent  of  pure  peroxid  by  weight. 
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obtained  from  culture  fluids  of  PenicUlium  glauaim  in  the  manner 
above  described.  The  crude  /^-catalase  from  animal  oi^ns  contains 
more  proteins  as  impurities  than  that  from  sweated  tobacco. 

While  /^-eatalase  *  behaves  like  an  albumose,  a-catalase  behaves  like 
a  nacleo-proteid,  since  it  is  not  soluble  in  water  alone.  It  can  be 
brou^t  into  solution  by  dilute  alkaline  liquids  and  precijHtated  again 
thepefrom  unchanged  on  the  addition  of  acetic  acid.'  Sweated  tobacco 
was  finely  pulverized  and  repeatedly  extracted  with  a  large  amount  of 
cold  water,  to  which  a  few  drops  of  ether  had  been  added  in  order  to 
prevent  bacterial  growth,  and  then  treated  for  fifteen  hours  with  a  0.2 
per  cent  solution  of  caustic  soda.  This  alkaline  extract,  after  filter- 
ing, was  cautiously  acidulated  with  acetic  acid  (mere  neutralization  does 
not  yield  a  precipitate),  and  the  precipitate  filtered  off  after  standing 
one  hour.  This  precipitate  possessed,  in  a  considerable  d^ree,  the 
power  of  decomposing  hydrogen  peroxid,  while  the  liquid  filtered 
from  it  did  not  show  this  power  in  the  least.  This  behavior  was  also 
observed  inth.  green  tobacco  leaves.  Six  hundred  square  centimeters 
of  healthy  tobacco  leaves  from  the  greenhouse  were  crushed  to  a  fine 
pulp  with  sand  and  left  for  three  hours  in  contact  with  a  O.d  per  cent 
solution  of  ammonium  carbonate.  The  opalescent  filtrate  obtained 
had  in  a  high  degree  the  power  of  catalyzing  hydrogen  peroxid.  Upon 
adding  dilute  acetic  acid  untU  a  slight  acid  reaction  was  reached,  a 
fine  flocculent  precipitate  containing  the  active  principle  was  formed, 
the  filtrate  from  this  precipitate  being  devoid  of  the  catalyzing 
property. 

The  A-catalase  is,  however,  not  very  readily  extracted  by  alkaline 
liquids.  Even  a  1  per  cent  solution  of  sodium  carbonate  dissolves  it 
but  slowly.  The  solution  thus  obtained  from  sweated  tobacco  that 
had  been  well  exhausted  with  water  before  the  treatment  with  sodium 
carbonate  was  begun  does  not  give  the  characteristic  blue  reactions 
for  oxidase  and  peroxidase  (a  previous  slight  acidulating  of  the  alka- 
line liquid  is  necessary  for  these  tests),  hence  a-catalase  also  has  no 
close  relation  to  these  two  oxidases.  In  these  tests  10  per  cent  alco- 
hol was  added  to  the  extracting  liquids  to  prevent  bacterial  growth 
during  the  time  of  extraction. 

Connecticut  tobacco,  cured  in  1899,  was  repeatedly  extracted  with 
water  saturated  with  chloroform.  After  the  removal  of  the  soluble 
compounds  this  tobacco  was  left  for  two  days  with  a  0.5  per  cent  solu- 
tion of  sodium  carbonate,  just  enough  to  cover  the  soaked  tpbacco 
with  the  solution.  Then  the  liquid  was  separated  from  the  tobacco 
and  20  cc.  of  the  brown-colored  filtrate  mixed  with  5  cc.  hydrogen 
peroxide,  and  in  fifteen  minutes  7.5  cc.  of  oxygen  were  obtained.     A 

'  Special  tests  have  shown  that  it  is  not  a  coagulable  albumin. 

'  This  militates  against  the  supposition  that  a-catalase  might  be  merely  y^-catalase 
in  a  state  of  absorption,  the  same  way  that  colored  matters  are  absorbed  by 
charcoal. 
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quantity  of  the  expressed  residue  corresponding  to  nearly  2  grams 
of  dry  matter,  after  being  washed  well  and  again  expressed,  was  sus- 
pended in  20  oc.  water  and  10  cc.  hydrogen  peroxid  added;  in  fifteen 
minutes  31  oc.  of  oxygen  were  obtained.  This  shows  that  a  solution 
of  0.5  per  cent  sodium  carbonate  did  not  extract  all  the  a-catalase  even 
in  two  days. 

It  i»  more  difficult  to  prepare  the  ^*catalase  free  from  peroxidase 
when,  using  green  tobacco  leaves  than  when  cured  and  fermented 
leaves  are  used,  since  it  takes  a  long  time  to  wash  out  the  peroxidase 
from  the  pulp  prepared  from  the  fresh  leaves.  For  example,  30  cc. 
of  turbid,  not  filtered,  juice  prepared  from  tobacco  leaves  was  mixed 
with  ten  times  this  quantity  of  water  and  filtered  after  standing  fiifteen 
hours,  leaving  a  green  residue  in  the  filter,  which  e\en  after  pro- 
longed washing  yielded  the  reaction  for  peroxidase,  while  that  for 
oxidase  had  ceased  to  be  produced  in  the  wash  waters  after  a  short 
tiuie. 

Water  alone  dissolves  only  traces  of  a-catalase  at  20^  C,  while 
prolonged  action  of  water  at  a  moderate  elevation  of  temperature 
gradually  splits  off  /7-catalase,  the  process  being  favored  by  adding  a 
snudl  prc^portion  of  sodium  carbonate. 

The  following  test  shows  that  even  very  large  quantities  of  water 
alone  do  not  extract  or-catalase  to  any  noticeable  extent.  Two  grams 
of  fiinely  pulverized  cured  tobacco  were  extracted  for  four  hours  with 
40  cc.  of  water  at  20^  C.  and  l^e  residue  washed  until  the  filtrate  was 
nearly  colorless.  This  extracted  tobacco  yielded  in  fifteen  minutes, 
upon  the  addition  of  5  cc.  hydrogen  peroxid  and  20  cc.  water,  42  cc. 
oxygen.  Two  grams  of  the  same  tobacco  were  now  extracted  with 
1  liter  of  chloroform  water  for  eighteen  hours.  The  powder  yielded, 
after  washing  under  the  same  conditions  as  before,  40  cc.  oxygen. 

It  seems  strange  that  neither  Schoenbein  nor  Jacobson  observed  that 
the  property,  of  catalyzing  hydrogen  peroxid  nuiy  be  due  to  a  soluble 
as  well  as  to  an  insoluble  substance*  Schoanbein  mentions  only  once — 
without,  however,  altering  his  opinion  that  the  enzyms  were  the  cause 
of  that  catalysis — that  the  filtered  extracts  of  certain  vegetable  mat- 
ter show  much  less  power  of  catalyzing  hydn^en  peroxid  than  the 
unfiltered.  Jacobson  also  used,  in  his  experiments  mentioned  above, 
the  crude  turbid  extracts,  but  not  purified  enzym  preparations.  He 
used,  for  instance,  an  emulsion  prepared  from  crushed  almonds  instead 
of  purified  emulsin. 

The  following  tests  leave  no  doubt  that  the  transformation  from  the 
insoluble  to  the  soluble  oatalase  really  can  take  place.  Sweated  tobacco 
rich  in  a-catalase  was  finely  pulverized,  repeatedly  extracted  with 
chloroform  water  ^  at  the  ordinary  temperature,  and,  when  /^-catalase 

^  Care  must  be  taken  in  the  application  of  chloroform  water  as  an  antiseptic  that  a 
full  saturation  is  preserved,  otherwise  certain  microbes  will  gradually  develop. 
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could  no  longer  be  extracted,  heated  with  a  1  per  cent  solation  of 
riodiom  carbonate  for  one  hour  at  40^  C  The  mixture  was  parsed 
through  flannel  and  the  filtrate  moderately  acidulated  with  acetic  acid 
to  precipitate  nucleo-proteid*.  The  clear  filtrate  now  obtained  had  a 
considerable  power  of  catalyzing  hydrogen  peroxide  although  it  could 
not  contain  a-catalase  any  longer. 

In  a  second  trial  the  exhausted  tobacco  was  heated  for  two  hours  at 
from  45^  to  50^  C,  with  a  solution  of  0.2  per  cent  sodium  carbonate, 
the  filtrate  acidulated  with  acetic  acid,  again  filtered,  and  the  filtrate 
now  saturated  with  ammonium  sulphate  at  the  ordinary  temperature. 
By  this  treatment  the  active  principle  was  salted  out,  as  is  the  case  with 
/9-catalase,  the  precipitate  showing  powerful  action  while  the  filtrate 
showed  only  slight  traces  of  activity.  It  may  also  be  stated  that  the 
salted-out  product  was  easily  soluble  again  in  water  and  i-an  not  there- 
fore have  consisted  of  nucleo-proteids. 

Since  there  is  a  zymogen  for  every  well-known  enzym,  the  supposi- 
tion seems  justifiable  that  there  is  also  a  zymogen  of  i^atalase.  Various 
observers  have  shown  that  animal  or  vegetable  cells,  before  they  form 
the  enzyms,  are  rich  in  small  granules,  which  disappear  in  a  measure  as 
the  enzvms  are  formed.  The  substance  first  secreted  bv  the  nucleiLs, 
forming  the  granules  in  the  c^^toplasm,  is  distinguished  by  Ma4*alluni 
as  pro-zymogen.  Vines,  in  his  investigation  on  the  presence  of  diastase 
in  leaves,  observed  that  the  turbid  unfiltered  extracts  saccharified 
more  starch  than  the  clear  filtered  ones.  Brown  and  Morris  found, 
furthermore,  that  powdered  leaves  ai*e  more  powerful  in  diastasio 
action  than  an  aqueous  extract  prepared  from  the  same  amount  of  leaf. 
Whether  the  action  here  is  caused  by  a  zymogen  which  is  gradually 
transformed  into  diastase,  or  whether  the  diastase  itself  is  retained  to 
a  certain  extent  by  the  solid  compounds  of  the  leaf,  has  not  been 
decided.  It  has  been  observed  that  highly  dilute  acids  bring  on  the 
transformation  of  zymogen  into  enzym.  J.  Reynolds  Green  has  found 
that  certain  rays  of  light — located  chiefl3'  in  the  red,  orange,  and  blue 
regions  of  the  spectrum — and  a  prolonged  exposure  to  a  temperature 
of  38^  C.  can  also  cause  this  change.* 

The  existence  of  a  zymogen  of  catalase  in  tobacco  leaves  appears 
probable  from  an  observation  of  the  writer  that  in  the  process  of 
sweating  tobacco  in  bulk  at  a  temperature  of  from  4()^  to  50^  C.  the 
power  of  catalyzing  hydrogen  peroxid  is  increased,  not  only  for  the 
soluble  but  also  for  the  insoluble  catalase.  Digestion  with  0.1  per 
cent  oxalic  acid  at  from  25^  to  36^  C.  proved  a  failure  in  this  direction, 
since  the  catalytic  power  was  decreased  thereby.  Acids  therefore 
seem  unsuited  to  transform  zymogen  into  enzym  in  the  case  of  catalase. 

>Philoeoph.  Transactions,  vol.  188  (1897).  On  the  other  hand,  diastase  iteelf  is 
gradually  destroyed  by  white  light,  as  the  same  author  has  observed. 
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EFFECTIVENESS   OF   THE    /^-(^ATALASE. 

For  the  following  tests  a  preparation  of  crude  >^-eatalase  was  used 
which  was  obtained  by  salting  out  with  ammonium  sulphate  a  concen- 
trated cold-prepared  extract  of  tobac*co  recently  sweated  in  bulk.  The 
precipitate,  after  being  pressed  between  filter  paper,  was  permitted  to 
dry  at  the  room  tempemture.  A  1  per  cent  solution  of  this  crude  ft- 
catalase,  still  containing  a  consideimble  amount  of  ammonium  sulphate, 
was  prepared.  One  cc.  of  this  solution  was  mixed  with  20  cc.  of  water 
and  2  cc.  of  common  hydrogen  peroxid  (neutralized).  The  volume  of 
oxygen  evolved  for  different  lengths  of  time  was  as  follows: 

cc. 

After  5  minutes 12 

After  10  minuteti 17 

After  16  minutes 20.  2 

This  result  shows  that  in  the  dilution  of  1:2,000  the  crude  enzvm 
decomposed  six  times  its  own  weight  of  anhydrous  hydrogen  peroxid 
in  sixteen  minutes. 

In  the  next  test  the  reaction  of  the  mixture  was  kept  slightly  alkaline 
and  the  amount  of  hydrogen  peroxid  increased  to  10  cc,  the  other 
conditions  being  the  same  as  before: 

cc. 
After  5  minutes 20 

After  10  minutes ;^8 

After  15  minutes 55 

After  40  minutes 76 

After  55  miRutes 80 

After  15  hours 101. 5 

In  a  further  test  1  cc.  of  the  1  per  cent  catalase  solution  mentioned 
above  was  diluted  with  200  cc.  water  and  1  cc.  hydrogen  peroxid 
added.  One  minute  after  the  mixture  was  made  the  reaction  for 
hydrogen  peroxid  was  still  very  powerful.  ^  After  twenty-five  minutes, 
however,  the  reaction  was  very  weak,  and  after  thirtj^-two  minutes 
there  was  no  trace  of  hydrogen  peroxid  left.  This  test  was  repeated 
with  the  modification  that  the  amount  of  water  was  increased  to  500 
cc.  and  the  amount  of  hydrogen  peroxid  decreased  to  0.5  cc.  After 
twenty -one  minutes  the  reaction  for  hydrogen  peroxid  was  very  much 
weaker  than  in  the  beginning,  and  after  fifty  minutes  no  reaction  at 
all  was  obtained.  This  shows  that  even  in  a  dilution  of  1:  50,000  the 
crude  enzym  was  still  very  active.  In  the  control  case,  where  the 
solution  of  the  enzym  was  boiled  for  a  second,  the  reaction  for  hydro- 
gen peroxid  did  not  decrease  to  any  noticeable  degree  within  the  same 
length  of  time. 

While  catalase  attacks  hydrogen  peroxid  very  readily,  the  hydrogen 
peroxid  also  has,  when  applied  in  moderate  concentmtion,  a  directly 

*The  teat  was  made  with  iodide  of  potassium,  starch,  and  a  trace  of  ferrou-s  Hulphate. 
16253 2 
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oxidizing  influence  upon  the  enzj^ni.  Tliis  accounts  for  the  rapid 
decrease  of  the  amount  of  oxygen  dev^eloped  and  for  the  fact  that  a 
point  is  reached  comparativeh'  soon  where  the  enzyni  becomes  entirely 
inactive.  Sweated  tobacco,  0.1  gram  of  which  developed  32  cc.  of 
oxygen  in  fifteen  minutes  when  suspended  in  a  mixture  of  10  cc. 
water  with  5  cc.  hydrogen  peroxid,  did  not  develop  anv  more  after 
the  same  quantity  had  been  left  for  fifteen  hours  in  contact  with  25  cc. 
of  the  same  mixture.  It  may  safely  be  assumed  that  the  detrimental 
effect  of  hydrogen  peroxid  is  diminished  very  much  by  high  dilution. 
The  activity  of  y^-catalase  increases  up  to  a  tempei'ature  of  about 
40^  C.  With  further  elevation  of  the  temperature  the  oxidizing  action 
of  hydrogen  peroxid  upon  the  enzym  becomes  more  powerful  than 
the  catalytic  action  of  the  enzym  upon  the  h^'drogen  peroxid,  and  the 
enzym  very  soon  loses  its  activity.  A  solution  was  prepared  of  0.2 
per  cent  crude  /^-catalase  obtained  from  sweated  tol>acco  in  the  manner 
above  descril)ed.  Thirtv  cc.  of  this  solution  were  heated  to  deter- 
mined  temperatures,  and  after  addition  of  5  cc.  of  hydrogen  peroxid 
of  20"  C.  the  time  required  for  the  development  of  a  certain  volume 
of  oxygen  was  noted.  At  50^  and  60^  C.  the  action  was  energetic  for 
one  minute  onh',  aiter  which  it  slowed  down  rapidly  and  stopped. 

Kjlrrt  of  lirttt  tni  (trtioii  of  fi-C(itnlai<i'. 


Tempera-  Duration    ^^^^Jj}'"^'  ,,,.,,^,^^,^ 

ture.     ,  of  test.   ;  ,,^y^^.^^ 


Of.        Mill  tilts 

'2k) 

•10 

50 

GO 


hs. 

rr. 

•>i 

U) 

3i 

10 

4       1 

29 

2 

23 

Action  stopped  after  4  minutes. 
Aetion  stojipeti  after  2  nunutes. 


GENERAL  BEHAVIOR  OF  a-  AND  /^-CATALASE. 

Both  the  soluble  and  the  insoluble  cutalase  resist  the  effects  of  time 
longer  than  the  ordinarv  oxidases,  as  has  alreadv  been  mentioned. 
The  writer  examined  leaves  of  various  species  of  Solatnun^  collected 
in  1S41,  1848,  1853,  and  1868  (preserved  as  herbarium  specimens),  and 
observed  in  all  of  these  the  production  of  oxygen  upon  the  addition  of 
hydrogen  peroxid.  The  leaves  were  first  soaked  in  a  little  water  before 
the  hydrogen  peroxid  was  added.  The  leaves  collected  in  1841,  how- 
ever, showed  onlv  a  weak  action. 

In  an  aqueous  solution,  free  from  ])acteria,  y^-catalase  loses  its  power 
either  by  self-oxidation  or  by  changes  within  the  molecule  by  atomic 
migration,  but  this  change  is  also  sometimes  relatively  slow.  Once, 
however,  the  writer  observed  this  enzvm  in  a  six-months-old  culture 
of  Bacillus  pyocyan4>ns^  in  which  growth  of  the  germ  had  apparently 
stopped  for  several  months. 

In  aqueous  solution  the  y^-catalase  is  chemicall}-  changed  to  an  inac- 
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tivc  substance  on  heating  to  from  71^  to  76^  C.  The  degree  of  tem- 
peniture  at  which  the  enzym  is  ''killed"  depends  upon  the  time  of 
exposure.  At  72^  C.  more  than  fifteen  minutes  are  required,  while  a 
much  shorter  time  suffices  at  74^  C.  Heating  but  for  a  second  to  75^  is 
not  sufficient  to  kill  all  the  enzym  in  a  neutral  solution,  but  it  will  injure 
a  great  part  of  it.  In  a  very  weak  alkaline  solution  the  killing  tem- 
perature is  raised  several  degrees,  but  the  contrary  is  true  when  this 
alkaline  reaction  is  increased  still  a  little  more.  In  slightly  acidulated 
solutions  the  killing  temperature  is  lower  than  in  neutral  ones. 

The  killing  temperature  of  ar-catalase  is  about  the  same  as  that  of 
/5-catalase.  Green  tobacco  leaves  were  crushed  and  the  juice  expressed 
through  flannel.  This  turbid  liquid  of  acid  reaction  was  passed  through 
a  filter,  and  the  filter  content,  rich  in  a-catalase,  suspended  in  water  and 
heated  to  various  temperatures.  Heating  for  ten  minutes  to  60^  C.  did 
not  decrease  the  intensity  of  the  catalytic  power,  but  heating  for  five  min- 
utes to  71"^  C.  injured  it  considerably.  After  heating  for  five  minutes 
to  75  C.  and  cooling  quickly  a  faint  trace  of  that  power  was  still 
observed,  but  no  trace  was  noticeable  after  heating  for  one  minute  to 
SO  ..  The  filtered  liquid  in  the  latter  case  still  contained  considerable 
active  peroxidase,  another  proof  that  this  enzym  can  not  be  identified 
with  catalase. 

In  a  dry  condition  catalase  resists  heat  better  than  in  the  presence  of 
water.  For  example,  fermented  tobacco  leaves  when  heated  for  two 
hours  to  1(X)^^  C.  had  not  completely  lost  their  content  of  a-  and  /?-cata- 
lase,  although  it  was  very  much  decreased.  A  prolonged  application 
of  heat,  however,  kills  these  enzyms  at  80^  C,  even  in  the  absence  of 
water,  as  may  be  inferred  from  the  inactivity  of  fire-  and  flue-cured 
to})acco  (cigarette  tobacco).  Various  samples  of  such  products  were 
tested,  and  in  most  cases  no  trace  of  either  a-  or  /^-catalase  could  be 
observed. 

EFFECT   OF    MECHANICAL    MOTIOX   ON    THE    REACTION    WITH    HYDROGEN 

PEROXID.     * 

It  is  remarkable  to  what  extent  the  action  of  the  soluble  catalase  is 
promoted  b}-  shaking  the  mixture.  One  out  of  many  of  the  observa- 
tions may  be  mentioned  here.  A  cold-prepared  aqueous  extract  of 
sweated  tobacco  (20  cc.)  was  mixed  with  half  its  volume  of  h\'drogen 
peroxid  and  the  flask  left  untouched.  In  the  control  case  the  flask  was 
continuously  shaken.  The  amount  of  oxygen  developed  in  thirty  min- 
utes, not  shaken,  was  24  cc. ;  shaken,  was  51  cc.  The  oxygen  developed 
under  the  influence  of  mechanical  motion  was  therefore  more  than 
double  the  amount  obtained  when  the  flask  was  left  undisturbed.* 


^  It  hardly  needs  to  be  mentioned  that  in  all  experiments  described  in  this  paper  the 
mixtures  with  hydrogen  peroxid  were  frequently  shaken  during  the  observations  in 
order  to  obtain  the  full  reaction.  Heating  the  mixtures  was  never  resorted  to;  on  the 
contrary,  any  rise  of  temi>erature  was  avoided. 
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BEHAVIOR  TOWARD  VARIOUS  SALTS. 


A  careful  dLstiiietion  should  be  made  here  l)etween  the  relation  of  a 
salt  to  the  enzym  itself  and  the  influence  of  a  siilt  upon  its  activity 
alone.  This  activitv  can  be  stimulated  or  retarded  without  the  enzvm 
itself  being  changed  in  its  chemical  nature.  Salts  of  a  strong  acid  or 
alkaline  reaction  will  of  course  injure  the  enz^m  itself,  while  salts  of 
neutral  reaction  will  probably  not  do  so.  Thus,  ar-catalase  is  not  injured 
in  one  day  by  a  10  per  cent  solution  of  magnesium  sulphate,  nor  in  live 
hours  by  a  5  per  cent  solution  of  sodium  sulphate,  nor  in  twenty  houi's 
by  a  2  per  cent  solution  of  potassium  persulphate,*  nor  in  one  day  hy 
a  saturated  solution  of  ammonium  sulphate.  After  these  salts  are 
removed  by  careful  washing  the  a-catalase  contained  in  sweated  tobacco 
is  found  fully  preserved,  or  very  nearly  so.  It  is  verj'  probable  that 
)^-catalase  is  more  easily  injured,  but  nevertheless  it  can  even  te  stilted 
out  by  saturation  of  its  solution  with  ammonium  sulphate  without 
immediate  loss  of  power,  although  the  subsequent  drying  at  the  ordi- 
nary temperature  with  the  adhering  salt  leads  to  a  partial  loss  of  its 
activity. 

A  concentrated  extmct  was  prepared  at  the  ordinary  tempei-ature 
from  sweated  tobacco  (Connecticut  crop  of  181H>)  rich  in  ct-  and  y^-(*ata- 
lase,  and  containing  no  oxidjise  and  only  a  trace  of  peroxidase.  Ten 
cc.  of  this  extract  were  mixed  with  20  cc.  of  hydrogen  peroxid  (added 
in  two  doses),  and  in  five  minutes  160  cc.  of  oxygen  were  developed. 
By  saturation  with  ammonium  sulphate  a  brown-colored  precipitate  of 
great  catalytic  energy  was  obtained,  while  the  filtrate  showed  only 
a  trace  of  activity.  After  being  collected  on  a  filter  and  dried  for 
twenty -four  hours  at  the  ordinary  temperature  on  a  porous  plate,  the 
precipitate  weighed  2.85  grams,  more  than  half  of  which,  however, 
consisted  of  adhering  ammonium  sulphate.  Half  a  gram  of  this 
powder  dissolved  in  20  cc.  of  water  in  five  minutes  developed  223  cc. 
oxygen,  and  in  fifteen  minutes  449  cc* 

The  considerable  depression  of  the  catalytic  ai^tivity  of  y^-catalase 
by  nitrates  is  very  remarkable.  The  enzym  itself  does  not  seem  to  l)e 
injured  materially,  as  sevei'al  tests  have  shown.  For  example,  a  very 
small  quantity  of  a  /?-catalase  preparation,  obtained  by  salting  out  a 
cold-prepared  concentrated  tobacco  exti^act  with  ammonium  sulphate, 
was  kept  in  a  10  per  cent  solution  of  pottussium  nitrate  for  twenty- 

*It  might  be  supposed  that  this  salt  would  exert  an  oxidizing  action  detrimental  to 
the  enzym,  but  such  indifferent  behavior  of  the  salt  has  been  noticeii  in  other  cases 
also;  for  example,  toward  certain  aniline  colors.  (Proscher,  Chem.-Zeitung,  March, 
1900. )  Potassium  pernulphate  easily  oxidizen  hydroquinone  to  quinone,  ar-naphthyl- 
amine  to  the  blue  oxynaphthylaraine,  and  Ixjhaves  in  it«  oxidizing  property  like 
ferric  chlorid. 

•  The  observation  of  Jacobson  that  the  "catalytic  power"  of  a  pancreas  extract, 
or  of  an  emulsion  of  almonds,  is  lost  by  saturation  with  sodium  sulphate,  is  probably 
due  to  his  drying  the  salted-out  product  at  a  higher  temperature. 


21 

four  houi-s,  again  salted  out  by  ammonium  sulphate,  and  washed  well 
by  a  concentrated  solution  of  this  salt.  Upon  redissolving  it  in  20  cc. 
water  and  adding  10  cc.  hydrogen  peroxid,  it  still  developed  92  cc. 
oxygen  in  fifteen  minutes,  while  in  the  control  case  98  cc.  were 
obtained;  hence  the  enzym  itself  is  not  injured  b}'  ix)tassium  nitrate. 

The  depressing  influence  of  nitrates  is  seen  from  the  following  test: 
Two  portions  of  an  extract  of  sweated  tobacco  received  an  addition  of 
5  j^er  cent  potassium  nitrate  and  5  per  cent  magnesium  sulphate  (cryst.), 
resjK»ctively.  Immediately  afterwards  20  cc.  of  each  of  these  liquids 
were  mixed  with  10  cc.  hydrogen  peroxid.     The  result  was: 

Orygm  developed  in  fire  mimUen. 

cc. 

In  presenee  of  potassium  nitrate  * 15 

In  presence  of  magnesium  sulphate 88 

Control 105 

Nitrates  have  no  such  depressing  influence  upon  the  corresponding 
action  of  fineh^  divided  platinum.  A  mixture  was  prepared  of  5  cc. 
hydrogen  peroxid,  20  cc.  water,  2  grams  pota^ssium  nitrate,  and  a  trace 
of  platinum  black.  Here  28  cc.  oxygen  were  developed  in  fifteen 
minutes,  while  in  the  control  case  31.6  cc.  were  evolved.  This  shows 
that  the  contact  of  the  nitrate  with  the  enzym  itself  can  be  the  only 
cause  of  the  retardation  just  mentioned. 

In  some  other  tests  the  time  necessary  to  develop  a  certain  volume 
of  oxygen  was  observed.  One  gram  of  crude  /^-catalase,  prepared  by 
salting  out  a  concentrated  extract  of  sweated  tobacco  and  drying  at 
the  ordinary  temperature,  was  dissolved  in  500  cc.  water.  To  differ- 
ent portions,  each  containing  5  cc,  of  this  highly  diluted  solution,  20 
cc.  water  and  0.5  gram  of  various  salts  were  added.  After  a  further 
addition  of  5  cc.  of  nearly  neutral  hydrogen  peroxid  the  time  neces- 
sary for  the  production  of  -10  cc.  of  ox^'gen  was  observed.  The  mixture 
was  frequenth'  shaken.  The  number  of  minutes  required  to  produce 
40  cc.  of  oxygen  in  the  presence  of  various  salts  was  as  follows: 

Minutes. 

With  sodium  clilorid 4 J 

With  potassium  chlorid 4} 

With  dipotassium  phosphate 4J 

AVith  pota.Hsium  nitrate 8 J 

With  sodium  nitrate ()J 

With  ammonium  nitrate lOJ 

With  calcium  nitrate '^} 

Without  addition  of  salts — control 4} 

While  in  this  case  the  mixtures  had  a  weak  acid  reaction,  thev  had 
in  the  following  experiment  a  weak  alkaline  reaction.  The  enzym, 
furthermore,  was  applied  in  double  the  concentration  used  before, 
and,  with  one  exception,  the  amount  of  salts  applied  was  increased  to 

•  The  dei)ression  of  the  catalytic  power  of  pancreas  and  almond  extract  by  potassium 
nitrate  was  also  ol)8er\'ed  by  Jacobson  in  1892. 
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2  grams.     Here  the  time  required  to  produce  48  cc.  of  oxygen  under 
otherwise  the  same  conditions  as  before  was  noted. 

The  number  of  minutes  required  to  produce  48  cc.  of  oxygen  in 
the  presence  of  various  salts  was  as  follows: 

Minutes. 

With  sodium  chlorid 3 

With  potassium  chlorid 3? 

With  potassium  nitrate 4 J 

With  80<iium  sulphate ^ *. . .  3 

With  potassium  sulphate 4 

With  sodium  carbonate  (0.5  gram) 2 

With  sodium  carbonate  (2  grams) 4J 

Without  addition  of  salts — control 3 

It  will  be  noticed  that  potassium  salts  retard  the  reaction  more  than 
sodium  salts,  and  that  the  nitrates  of  the  alkali  group  retard  more 
than  the  other  salts.  In  general,  the  increase  of  the  amount  of  any 
salt  has  a  retarding  influence,  other  things  being  equal,  and  it  was 
found  in  a  special  case  that  satumtion  of  the  liquid  with  sodium  chlorid 
retarded  the  action  of  the  enzym  so  as  to  require  more  than  double 
the  time  to  produce  the  given  amount  of  oxygen. 

Sodium  carbonate  (anhydr.)  attacks  y^-catalase  but  verj'  slowh^  even 
in  a  3  j)er  cent  solution.  Even  after  fifteen  hours  at  low  temperature 
the  enzym  is  only  partially  killed.  To  a  solution  of  which  20  cc.  pro- 
duced 17.8  cc.  of  oxygen  in  fifteen  minutes,  5  per  cent  of  its  bulk  of 
sodium  carbonate  (anhydr.)  was  added  in  the  form  of  a  concentrated 
solution.  After  standing  fifteen  hours  at  0^  C.  it  was  neutmlized  with 
acetic  acid  and,  after  the  removal  of  the  carbon  dioxid  by  a  current  of 
air,  5  cc.  hydrogen  peroxid  were  added.  There  were  still  produced 
7.2  cc.  oxygen  in  fifteen  minutes.  More  injury  is  caused  by  heating- 
the  solution  for  one  minute  with  2  per  cent  of  sodium  carbonate  to 
40^^  C,  only  5  cc.  oxygen  being  produced  afterwards  in  fifteen  min- 
utes. Scarcely  any  injury  is  observed  after  fifteen  hours'  conta<*t  at 
15^  C.  with  a  1  per  cent  solution  of  sodium  carbonate,  and  even  after 
standing  at  the  ordinary  temperature  for  three  days  there  is  .still  con- 
siderable active  enzym  present  in  the  solution. 

No  injury  whatever  is  caused  in  twenty-four  hours  by  a  2  per  cent 
solution  of  sodium  fluorid  or  by  a  5  per  cent  solution  of  diix)tas.sium 
oxalate.  Neither  a  5  per  cent  solution  of  potassium  «ulpho-cvanide 
nor  of  thio-urea  has  any  apparent  injurious  influence  upon  the  y^-cata- 
lase.  The  presence  of  these  compounds  seriously  interferes,  however, 
with  the  reaction  of  the  enzym  upon  hydrogen  peroxid,  since  potassium 
sulphocyanide  is  rapidl}^  oxidized  by  hydrogen  peroxid  to  mono- 
potassium  sulphate  and  prussic  acid,^  while  thio-urea  is  transformed 
into  sulphuric  acid  and  (partly)  carbamide.*    These  mixtures  rapidly 

^KC'NS-h3H.A  =  KHS(\  i   HON  4  21120. 
*  CSN2H4  n  4H  A  =  SO4H,  -  CON,!!^  t  3H2O. 
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assume  a  very  acid  reaction.     In  the  latter  case  a  considerable  rise  of 
temperature  is  noticed.* 

BEHAVIOR  TOWARD   MERCURIC   CHLORID. 

Two  grams  of  cured  tobacco  containing  a-  and  )5-catalase  were 
left  two  days  in  2  cc.  of  a  0.1  per  cent  solution  of  mercuric  chlorid. 
While  the  filtrate  showed  no  reaction  whatever  on  hydrogen  peroxid, 
the  insoluble  part  still  showed  a  slight  reaction.  Suspended  in  30  cc. 
water,  it  yielded  on  addition  of  10  cc.  hydrogen  peroxid: 

Oxygen  in  thirty  minutes. 

ec. 

After  treatment  with  HgCI, 6 

Control 158 

This  reveals  a  highly  injurious  influence  of  mercuric  chlorid  on  both 
kinds  of  catalase.  The  )^-catalase  of  one  gram  of  the  sample  yielded 
16.5  cc.  oxygen  in  thirty  minutes.  Hence,  even  on  the  assumption 
that  all  >^-catalase  had  been  merely  precipitated  by  the  mercuric 
chlorid  and  thus  withdrawn  from  the  solution,  and  further  assuming 
that  it  was  in  the  first  place  the  ar-i^atalase  that  had  been  killed  by  that 
salt,  an  injury  due  to  )^-catalase  would  still  be  evident. 

Catalase  is  probably  also  injured  by  various  salts  of  other  heavy 
metals,  but  the  results  obtained  upon  addition  of  hydrogen  peroxid  to 
such  mixtures  would  be  misleading,  since  many  salts  of  these  metals 
themselves  bring  on  decomposition  of  hydrogen  peroxid. 

BEHAVIOR  TOWARD   ACIDS   AND   BASES. 

It  is  a  noticeable  fact  that  while  highly  dilute  acids  retard  the  action 
of  a-  and  /^-catalase,  dilute  alkaline  solutions  promote  it.  In  one  case 
it  was  shown  that  on  addition  of  1  per  cent  sodium  carbonate  to  a 
mixture  of  10  cc.  cold-prepared  tobacco  extract  with  10  cc.  hydrogen 
peroxid,  165  cc.  of  oxygen  were  developed  in  five  minutes,  while  it 
took  fourteen  minutes  to  develop  the  same  amount  of  0x3' gen  when 
sodium  carbonate  was  absent. 

When  the  amount  of  acids  in  the  solutions  reaches  more  than  0.5  per 
cent,  the  «r-  and /^-catalase  are  very  soon  killed.  The  following  obser- 
vations may  be  mentioned:  Two  grams  of  finely  powdered  sweated 
tobacco  were  shaken  with  40  cc.  of  a  2  per  cent  solution  of  oxalic 
acid  and  the  mixture  neutralized  after  thirty  minutes,  with  caustic 
soda.     The  catalytic  power  was  entirely  destroyed.     No  trace  of  oxy- 

*  Jacobeon' 8  inferences  as  to  the  injurious  influence  of  potassium  sulpho-cyanide 
upon  the  ** catalytic  property  of  diasta.*^,  emulsin,  etc.,"  must  be  corrected  accord- 
ingly, since  it  is  the  acid  reaction  of  mono-potassium  sulphate  formed  by  the  hydro- 
gen peroxid  which  interferes  with  the  result,  and  not  the  sulpho-cyanide  as  such. 
Furthermore,  it  is  not  diastase  and  emulsin,  but  a  separate  enzym,  that  causes  the 
"catalysis  of  hydrogen  peroxid  "  as  here  set  forth. 
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gen  was  developed  either  by  the  extract  or  b\'  the  residue.  In  a 
second  test,  solutions  of  0.2  per  cent  oxalic  and  sulphurous  acids  were 
permitted  to  act  for  eighteen  hours  under  the  same  conditions  men- 
tioned above.  The  /J-catalase  was  almost  entirely  destroyed  and  the 
a-catalase  was  also  considerably  injured. 

The  number  of  cubic  centimeters  of  oxygen  developed  by  ^-catalase 
in  thirty  minutes  was  as  follows: 

Control 158 

With  0.2  per  cent  oxalic  acid 33 

With  0.2  i)er  cent  sulphuroiiH  acid 28 

A  solution  of  0.1  per  cent  acetic  acid  at  the  ordinary  temperature 
did  not  injure  the  catalytic  power  in  one  hour,  but  injured  it  gradually 
at  a  temperature  of  55^^  C. 

When  sweated  tobac*co  was  suspended  in  fifty  times  its  weight  of  a 
2  per  cent  sulphuric  acid  solution  the  catalytic  power  was  destroyed  in 
fifteen  minutes.*  A  solution  of  )^-catalase  lost  its  activity  in  fifteen 
minutes  after  the  addition  of  I  per  cent  sulphuric  acid,  flf-catala.se 
behaves  the  same,  as  was  shown  on  suspending  tobac^co  in  fifty  times 
its  weight  of  1  per  cent  sulphuric  acid. 

Saturated  baryta  water  kills  /^-catalase  in  two  days,  but  only  slowly 
injures  flr-catalase,  as  shown*  in  an  experiment  with  2  grams  cured 
tobacco  suspended  in  twenty- five  times  its  weight  of  baryta  water. 
After  neutralization  with  acetic  acid  and  addition  of  5  cc.  hvdroiren 
peroxid,  the  amount  of  oxygen  developed  in  15  minutes  was  as  follows: 

CO. 

<r-catala»»e ^>.'> 

/^-catalane 0 

Control  to  /i-catalane Si> 

Sodium  hydrate  in  a  dilution  of  I  per  cent  kills  a^  and  /^-catalase 
almost  instantly,  while  a  dilution  of  0.1  per  cent  has  no  injurious 
influence,  at  least  not  within  a  short  time. 

BEHAVIOR   TOWARD   AIX'OHOL. 

Absolute  alcohol  injures  neither  a-  nor  /?-catalase  at  the  ordinary 
temperature  in  twenty  hours.  One  gram  of  sweated  tobacco  was 
mixed  with  10  cc.  absolute  alcohol.'      The  alcohol  was  filtered  off 

*lt  may  here  he  mentioned  that  in  all  such  cafes  tlie  licjuid  was  neutralized  with 
dilute  caustic  soila  hefore  the  hydrojren  [>eroxid  was  added.  An  excess  of  the  dilute 
acid  had  to  })e  apphetl,  since  the  tobacco  often  contains  10  per  cent  and  over  of  salti* 
of  organic  acids  (malic,  citric,  oxalic  acids). 

"Of  course  a  small  part  of  the  dissolved  baryta  was  remlered  inactive  by  combina- 
tion with  the  acids  })ound  to  the  ammonia  and  nicotine  containtn^l  in  the  tol>acco, 
but  this  fact,  considering  the  large  amount  of  baryta  water,  does  not  e.'^sentially  alter 
the  above  inference. 

'While  absolute  alcohol  does  not  dissolve  a  trace  of  the  enzym.  alcohol  of  a  strength 
of  50  per  cent  dissolves  a  considerable  amount. 
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after  twenty  hours  and  the  tobacco  powder,  after  being  freed  as  much 
a.s  possible  from  the  adhering  alcohol  by  pressure  between  filter  paper, 
wa-s  extracted  w^ith  20  cc.  water  for  three  hours  at  the  ordinaiy  tem- 
perature. The  filtrate,  as  well  as  the  undried  residue,  yielded  almost 
exactly  as  much  oxygen  in  fifteen  minutes  as  was  obtained  in  the  con- 
trol case,  showing  that  alcohol  does  not  act  injuriously  on  the  enzym, 
at  least  not  within  a  short  time. 

A  concentrated  cold-prepared  extract  of  sweated  tobacco  was  mixed 
with  one-tenth  of  its  volume  of  alcohol  and  left  in  a  tilled,  well-stop- 
pered flask  for  five  days  in  a  dark  box  at  a  temperature  of  from  15^  to 
18^  C.  There  was  no  indication  of  bacterial  growth.  Twenty  cc. 
of  this  liquid  gave  in  ten  minutes  37  cc.  oxygen,  while  in  the  control 
case  50  cc.  were  originally  obtained.  The  action  of  catalase  on  hydro- 
gen peroxid  is  not  influenced  b}"  the  presence  of  small  quantities  of 
alcohol,  but  larger  quantities — above  30  per  cent — exert  a  retarding 
influence,  especially  noticeable  when  the  amount  of  catalase  present  is 
but  small. 

The  action  of  boiling  absolute  alcohol  is  of  some  interest.  One  gram 
of  sweated  tobacco  was  kept  for  half  a  minute  in  boiling  absolute 
alcohol  and  then,  after  the  removal  of  most  of  the  alcohol  by  pressure 
between  filter  paper,  exti*acted  with  cold  water.  Upon  addition  of 
10  cc.  hydrogen  peroxid  to  the  filtrate,  as  well  as  to  the  residue  sus- 
pended in  20  cc.  water,  the  following  results  were  obtained: 

Cubic  C''nfimet('ri<  of  oxijgen  developed  in  Ureiitij  minute». 


,  By  o-cata- 
lase. 


By /3-cnta- 
lase. 


TreuK-d rvi  3 

Contrrjl 70  20 


The  remarkable  fact  that  boiling  absolute  alcohol  does  not  instantly 
kill  the  enzym  is  probably  due  in  part  to  the  fact  that  all  enzyms  resist 
a  higher  temperature  in  the  absence  of  water  than  when  dissolved 
in  water,  and  also  to  the  fact  that  alcohol  boils  at  a  comparatively  low 
temperature. 

BEHAVIOR  TOWARD  CHLOROFORM. 

A  concentrated  aqueous  extract  of  sweated  tobacco  was  I'ef  t  with  some 
chloroform  for  five  days  in  a  dark  box.  Then,  after  the  evaporation 
of  the  chloroform  at  the  ordinary  temperature,  20  cc.  of  the  liquid 
were  mixed  with  6  cc.  of  hydrogen  peroxid.  In  ten  minutes  the  vol- 
ume of  oxygen  obtained  was: 

cc. 

Treate<i 48 

Control  ^ 54 


*The  control  tetft  wa.s  made  with  an  equal  amount  of  the  same  extract  l)efore  the 
experiment  was  begun. 
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After  standing  twelve  days  another  portion  of  the  same  extrac*t  had 
lost  considerably  more  of  its  catalytic  power,  only  14.5  cc.  of  oxygen 
being  developed  in  the  same  time. 

In  another  trial  sweated  tobacco  was  first  exhausted  with  water  to 
remove  all  ^-catalase  and  then  left  in  chloroform  water  at  the  ordinary 
tempei'ature  for  four  weeks.  It  still  showed  a  moderate  reaction  upon 
hydrogen  peroxid,  showing  that  some  or-catalase  was  still  present. 
No  >^-catalase  had  here  been  formed  from  the  insoluble  catalase. 

The  action  of  catalase  upon  hydrogen  pei'oxid  is  not  influenced  m  a 
marked  degree  by  the  presence  of  a  little  chloroform  or  ether.  ^ 

BEHAVIOR  TOWARD  PHENOL. 

To  an  extract  of  sweated  tobacco  rich  in  y5-catalase  was  added  (».2 
per  cent  phenol,  but  after  twenty-four  hours^  contai*t  not  the  least 
decrease  of  catalytic  power  was  observed.  In  another  case  the  extract 
was  completely  saturated  with  phenol,  and  thus  contained  6.6  per  cent 
of  it,  but  here  every  trace  of  catalytic  power  was  annihilated  after 
twenty  hours. 

The  presence  of  1  per  cent  phenol  retards  the  action  of  the  enzym. 
One-tenth  gi*am  of  crude  catalase  was  dissolved  in  80  cc,  water,  and 
10  cc.  of  this  solution  yielded,  on  addition  of  5  cc.  hydrogen  peroxid, 
25  cc.  oxygen  in  fourteen  and  one-half  minutes  when  1  per  cent  phenol 
was  present,  while  in  the  absence  of  the  latter  it  took  only  eleven  and 
one-half  minutes  to  develop  the  same  volume. 

BEHAVIOR   TOWARD   VARIOUS   OTHER    REA(iENTS. 

The  inquiiT  as  to  the  nature  of  the  activity  of  enzynis  led  the  writer 
years  ago  to  the  assumption  that  in  their  molecules  there  are  certain 
unstable  atomic  groupings  (labil  atomic  groups).  Such  groups  are 
on  the  one  hand  able  to  transform  heat  energy  into  chemical  energ\% 
and  on  the  other  hand  are  readily  changed  l)y  atomic  migration  under 
the  influence  of  an  increased  temperature  or  powerful  compounds, 
such  as  acids,  etc.  The  writer  has  expressed  the  view  that  the  insta- 
bility as  well  as  the  activity  of  enzyms  might  be  due  to  the  simulta- 
neous presence  of  amido  and  aldehyde  groups.  In  regard  to  the  labil 
aniido  groups,  their  presence  was  rendered  pro])able  by  the  destruc- 
tive action  which  formaldehyde  exerts  upon  the  power  of  the  enzj'ms. 
As  to  the  presence  of  aldehyde,  or  also  of  ketone  groups,  no  convinc- 
ing reactions  could  be  obtained,  but  it  remains  still  to  be  seen  whether 
there  are  not  aldehyde  groups  present  in  a  less  reactive  ix)l\'inerized 
form.  The  following  tests  with  catalase  were  made,  to  chai'acterize 
the  labil  groups: 

*  Aerording  to  Jacoby,  chlorofonn  acts  as  a  stimulant  on  the  activity  of  certain 
oxidizing  enzynis  (Virchow's  Archiv.  vol.  157),  and  according  to  Vogel  (1897) 
very  small  doses  of  various  ethers  stimulate  the  cellular  respiration. 
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ACTION   OF  FORMALDEHYDE. 

Fifty  cc.  of  a  weak  alkaline  solution  of  nr-catalase  were  mixed  with 
10  cc.  commercial  formalin  *  previously  neutralized.  Of  this  mixture 
20  CO.  were  immediately  mixed  with  5  cc.  hydrogen  peroxid,  the  amount 
of  oxygen  developed  in  ten  minutes  being  as  follows: 

ec. 

After  action  of  formaldehyde 3 

Control 52 

A  diluted  solution  of  /9-catalase  was  mixed  with  10  per  cent  of  neu- 
tralized formalin,  causing  the  formation  of  some  precipitate.  After 
twenty  minutes  20  cc.  were  mixed  with  6  cc.  hydrogen  peroxid  and 
still  1  cc.  oxygen  was  obtained,  but  after  standing  one  hour  no  trace 
was  produced.  In  the  control  case  44  cc.  were  developed  in  ten 
minutes. 

ACTION   OP   NITROUS   ACID. 

Neither  a-nor  /J-catalase  is  injured  by  a  5  per  cent  solution  of  sodium 
nitrite  at  the  ordinary  temperature  within  one  day,  provided  the  solu- 
tion is  neutral  or  weakly  alkaline,  but  as  soon  as  the  mixture  is  acidu- 
lated the  enzym  is  injured  by  the  nitrous  acid  liberated. 

A  special  test  showed  that  0.4  per  cent  free  nitrous  acid  injured  the 
enzym  considerably  in  one  da3\  One-tenth  gram  of  crude  catalase 
was  dissolved  in  100  cc.  water.  Chloroform  was  then  added  and  the 
solution  shaken  and  divided  into  three  equal  parts.  One  part  received 
no  addition.  The  second  part  received  an  addition  of  0.2  gram  of 
acetic  acid,  and  the  third  part  0.2  gram  of  acetic  acid  and  0.22  gram  of 
sodium  nitrite.  After  standing  one  day  these  solutions  were  made 
slightly  alkaline  before  5  cc.  of  hydrogen  peroxid  were  added.  The 
volumes  of  oxygen  developed  in  li  minutes  were: 

ec. 

Control 40 

After  treatment  with  acetic  acid 8. 4 

After  treatment  with  nitrous  acid 2. 5 

The  loss  of  activity  under  the  influence  of  formaldeh3'de  or  of  nitrous 
acid  renders  the  supposition  very  probable  that  labil  aniido  groups  are 
concerned  in  the  activity  of  the  enzym,  since  labil  amido  groups  are 
very  readily  acted  upon,  even  in  neutral  and  highly  dilute  solutions, 
by  those  comix)unds.*  Here  we  have  before  us  a  specific  action,  while 
the  loss  of  activity  under  the  influence  of  hydrochloric,  sulphuric,  or 

'The  preparation  contained  about  40  per  cent  pure  formaldehyde  and  had  only  a 
slightly  acid  reaction.  It  may  be  mentioned  that  this  aldehyde  in  dilute  and  neu- 
tral solution  is  acted  upon  but  slowly  by  hydrogen  peroxid;  hence  this  influence 
can  be  neglected  here. 

"The  detrimental  action  of  mercuric  chlorid  above  mentioneil  might  most  easily 
be  explained  by  the  reaction  of  this  salt  upon  labil  amido  groups  in  which  hydrogen 
can  easily  be  replaced  by  mercury.  By  such  a  chemical  change  o(  an  active  atomic 
group  the  activity  of  the  enzym  itself  is  inhibited  or  destroyed. 
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oxalic  acids  indicates  merely  the  loss  of  lability  by  atomic  migration 
without  giving  a  decided  answer  as  to  the  nature  of  the  labil  atomic 
groups  themselves. 

The  next  question  to  be  considered  is:  By  what  other  groups  in  the 
molecule  is  the  lability  of  those  amido  groups  induced  ?  The  following 
tests  do  not  give  a  satisfactory^  answ^er  to  this  question,  but  seem  to 
indicate  that  neither  ordinary  aldehyde  nor  ketone  groups  are  the 
cause.  The  supposition  as  to  the  presence  of  polymerized  aldehyde 
groups,  however,  still  remains  to  be  considered,  especially  the  detri- 
mental action  of  free  hydroxylamine,  which  might  be  explained  by  a 
dismemberment  of  a  polymeric  aldehyde  group  and  subsequent  reac- 
tion with  the  hvdroxvlamine. 

ACTION    OF   PRUSSIC    ACID. 

One  gram  of  tobacco  containing  a-  and  /^-catalase  was  mixed  with 
:20  cc.  of  dilute  (2  per  cent)  prussic  acid  and  the  liquid  was  filtered 
after  two  hours.  Ten  cc.  hydrogen  peroxid  were  added  to  the  fil- 
trate, but  no  trace  of  oxygen  was  obtained.  In  the  control  case,  how- 
ever, 20.2  cc.  of  oxygon  were  developed  in  fifteen  minutes.  The 
residue  in  the  filter  was  also  tested  after  washing,  but  here  the  full 
original  power — 60  cc.  of  ox3'gen  in  fifteen  minutes — was  observed. 
In  a  second  experiment  the  same  dilute  prussic  acid  was  allowed  to  act 
on  the  tobacco  for  twentv  hours,  and  the  filtrate  was  then  tested  for  the 
catalytic  power  after  the  prussic  acid  had  evaporated  at  the  ordinary 
teni|ierature,  but  no  tmce  of  oxygen  was  now  dev(»loped  after  addition 
of  hydrogen  peroxid.  The  a-catalase  in  the  residue  had  in  this  case 
also  preserved  the  full  catalytic  power.  It  would  seem,  therefore, 
that  while  /^-catalase  is  easily  killed  by  prussic  acid  ^y-catalase  shows 
considerable  I'csistance,  at  least  Jis  long  as  it  is  present  in  the  undis- 
solved state.  In  weak  alkaline  solution  the  result  differs,  inasmuch  as 
considei'able  injury  is  caused  to  o'-catalase  bv  prussic  acid. 

A  regeneration  of  the  activity  after  evaporation  of  the  prussic  acid 
is  only  observed  with  /^  catalase  when  the  amount  of  prussic  acid  per- 
mitted to  act  upon  it  has  ])een  very  small. 

REHAVIOR   OF    a-CATALASK   TOWARD    HYDROtJEN    SILPHID. 

Two  grams  of  finely  pulverized  sweated  tobacco  were  suspended  in 
500  cc.  of  water  and  hydrogen  sulphid  passed  through  until  com- 
plete saturation  was  obtained.  The  li(|uid  was  allowed  to  stand  for 
twentv-four  hours.  The  tobacco  was  then  collected  on  a  filter  and 
after  being  washed  well  was  suspended  in  30  cc.  of  water,  and  10  cc. 
of  hydrogen  peroxid  added.  In  thirty  minutes  the  volume  of  oxygen 
develop(*d  was  170  cc,  while  in  the  control  case,  after  extracting  the 
tobacco  (2  grams)  well  with  cold  water,  it  was  609  cc.     This  shows 
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that  although  hydrogen  sulphid  injures  the  ar-catalase  at  the  ordinary 
temperature,  this  injury  proceeds  but  slowly. 

Schoenbein  reports^  tliat  plant  juices  instantly  lose  their  catalytic^ 
power  upon  coming  in  contact  with  hydrogen  sulphid,  but  the  above' 
test  shows  that  this  power  is  not  so  easily  destroyed,  after  all. 

A  second  test  yielded  e^ssentially  the  same  result.  In  both  casejs  a 
considerable  amount  of  sulphur  was  set  free,  leading  to  the  inference 
that  catalase  probably  promotes  the  oxidation  of  H^S  by  the  oxygen 
of  the  air. 

BEHAVIOR  TOWARD   HYDROXYLAMINE. 

One  gram  of  hydrochlorid  of  hydroxy lamine *  dissolved  in  a  little^ 
water  was  neutralized  with  sodium  carbonate,  and  the  solution  diluted 
to  20  cc.  After  the  addition  of  1  gram  of  sweated  tobacco  the  mix- 
ture was  allowed  to  stand  for  eighteen  hours.  The  filti'ate  was  now 
found  to  have  completely  lost  every  trace  of  catalytic  power.  This 
was  not  the  case,  however,  with  the  insoluble  pprtion,  which,  after 
washing  and  suspending  in  20  cc.  of  water  with  the  addition  of  h> 
cc.  hydrogen  peroxid,  developed  29  cc.  oxygen  in  fifteen  minutes. 
In  the  same  length  of  time  62  cc.  were  obtained  in  the  control  case. 

BEHAVIOR  TOWARD   PHENYLHYDRAZINE. 

A  concentrated  cold-prepared  extract  of  sweated  tobacco'  was  salted 
out  with  ammonium  sulphate,  the  precipitate  pressed  between  filter 
paper,  dissolved  in  a  little  water,  and  some  phenylhydrazine  acetate 
added.  After  twenty-four  hours  a  small  amount  of  precipitate  was 
formed,  which  yielded  some  oxygen  gas  with  hydrogen  peroxid,  while 
the  filtrate  gave  only  traces.  It  therefore  seems  that  y^-catalase  forms 
a  still  somewhat  active  compound  with  phenylhydrazine.  This,  how- 
ever, requires  further  study. 

In  testing  of-catalase,  a  weak  alkaline  solution  was  mixed  with  some 
phenylh3"drazine  acetate.  After  twenty-four  hours  a  precipitate  was 
formed,  but  the  amount  was  insignificant.  The  clear  filtrate,  upon 
the  addition  of  5  cc.  hydrogen  peroxid,  in  ten  minutes  yielded  11  cc* 
oxygen,  while  in  the  control  case  52  cc.  of  oxygen  were  obtained. 
One  would  naturally  suppose  that  if  ketone  or  ordinary  aldehyde 
groups  were  present  the  enzymic  activity  would  be  totally  destroyed 
in  a  short  time.* 

*  Journ.  prakt.  Chem.,  1868,  p.  340. 

'This  salt  has  a  strong  acid  reaction,  hence  experiments  made  directly  with  it 
are  not  conclusive.  The  acid  reaction  has  to  be  removed,  since  it  alone  would  suffice 
to  injure  or  kill  the  enzym. 

•Prepared  with  the  addition  of  10  per  cent  alcohol  to  prevent  bacterial  development. 

*Emulsin  also  preserves  its  powers  after  it  has  been  in  contact  with  phenylhydra- 
sine  acetate  for  twenty-four  hours.  It  can  be  precipitated  with  alcohol  and  still 
exhibit  its  action  on  amygdalin. 
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BEHAVIOR  TOWARD   ALKALINE  SILVER  ftOLlTION. 

A  very  subtile  reagent  for  aldehyde  groups  is  prepared  b}'  adding 
a  few  drops  of  dilute  caustic  soda  to  an  ammoniacal  silver  solution 
which  contains  only  a  small  excess  of  ammonia.  Such  a  solution,  con- 
taining 2  per  cent  silver  oxid,  was  added  to  20  cc.  of  the  ^-catalase 
?<olution  above  mentioned.  After  standing  twenty-four  hours  a  very 
.small  amount  of  dark  sediment  was  formed,  but  the  solution  still  had 
its  original  degree  of  catalytic  power.  A  considerable  separation  of 
metallic  silver  and  a  destruction  of  the  catalytic  power  would  naturally 
have  been  expected  were  ordinary  aldehyde  groups  concerned  in  the 
activitv. 

In  a  second  test  freshly  precipitated  silver  oxid  was  suspended  in  40 
cc.  of  a  solution  of  crude  y^-catalase  (obtained  by  salting  out  tobacco 
<»xtract  with  sodium  sulphate)  and  the  mixture  tested  after  standing  at 
the  ordinary  temperature  for  two  davs.  To  this  and  the  control  solu- 
tion were  added  several  drops  of  ether.  In  testing  both  solutions  at 
the  same  time,  it  was  found  that  while  20  cc.  of  the  control  solution, 
after  the  addition  of  10  cc.  hydrogen  peroxid,  developed  53  cc.  of 
oxygen  in  two  minutes,  the  filtrate  from  the  silver  oxid  took  three 
minutes  to  do  the  same;  hence  the  injury  caused  by  silver  oxid  was 
onlv  moderate. 

GENERAIi  OCCXJKKENCE  OF  cr-AND  /i-CATALAS£. 

Numerous  tests  have  established  bevond  a  doubt  that  catalase  is  of 
general  occurrence  in  the  vegetable  kingdom.  No  living  plant  or 
vegetable  organ  tested  was  found  free  from  it.  some  of  the  plants 
containing  more  of  the  soluble  and  others  more  of  the  insoluble  form. 
Leaves  from  various  plant  families  showed  principally  the  insoluble 
catalase,  in  some  cases  only  slight  traces  of  the  soluble  kind  being 
noticeable,  while  in  various  seeds  the  soluble  kind  was  found  present 
in  larger  proportions. 

Healthy  green  tobacco  leaves,  taken  from  the  greenhouse  on  Decem- 
ber 22,  were  dried  at  40-  C.  After  being  ground  to  a  fine  powder  2 
grams  were  extracted  with  40  grams  of  water  for  three  hours  at  the 
ordinary  temperature.  The  filtrate  gave  reactions  for  oxidase  and 
peroxidase,  but  showed  no  catalytic  power  on  hydrogen  peroxid,  and 
therefore  contained  no  //-catiilase.^  The  well-washed  residue,  sus- 
pended in  20  cc.  water,  developed,  after  the  addition  of  12  cc.  hvdro- 

*  Traces  of  yS-catalase  may  be  observed,  however,  when  the  preen  tobacco  leaves 
have  not  been  dried,  but  are  ground  and  expressed  in  the  fresh  state,  the  clear  fil- 
trate being  directly  tested.  It  must  be  borne  in  mind,  however,  that  the  fretjuent 
presence  of  nitrates  in  the  leaves  may  decrease  the  action  on  hydrogen  peroxid  to  a 
considerable  extent,  which  might  lead  sometimes  to  the  inference  of  the  presence  of 
only  very  small  quantities  of  /5-catalase. 
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gen  peroxid,  107.2  cc.  oxygen  in  fifteen  minutes,  and  was  relatively 
rich  in  ar-catalase.  The  stalk  of  the  tobacco  plant  is  about  as  rich  in 
this  enzym  as  the  leaves,  but  the  fine  roots  contain  less.  Only  one 
comparative  test  was  made  on  this  point,  however.  In  the  flowers 
(air  dry)  of  the  tobacco  plant  hardly  any  >5-catalase  is  found,  but  con- 
siderable a-(»talase. 

Besides  Phanerogams  from  different  families,  ferns,  mosses,  liver- 
worts, and  higher  and  lower  algaj,  as  well  as  fungi,  were  also  tested 
with  positive  results.  It  may  be  mentioned  that  vegetable  cells  die 
quickly  in  a  0.5  per  cent  solution  of  hydrogen  peroxid,  while  their 
catalase  is  much  more  slowly  injured. 

Suitable  data  which  would  allow  the  investigator  to  calculate  the 
absolute  weight  of  catalase  from  a  certain  volume  of  oxygen  developed 
in  a  given  time  and  at  neutnil  reaction  are  thus  far  not  known;  hence 
the  volumes  of  oxvffen  eiven  off  bv  different  obiects  can  have  onlv  a 
relative  value,  serving  for  purposes  of  comparison.  This  is  also  the 
rea.son  why  these  volumes  were  not  reduced  to  normal  pressure  and 
0-  C*  The  following  tests  with  leaves,  fruits,  and  seeds  were  carried 
on  at  the  request  of  the  writer  by  Mr.  D.  W.  May.  Eight  grams  of 
the  leaves  in  the  fresh  state  were  crushed  to  a  pulp,  with  the  aid  of  a 
little  sand  and  water,  before  the  hydrogen  peroxid  was  added,  while 
two  grams  of  the  seeds  in  the  air-dried  state  were  finely  pulverized, 
shaken  up  with  50  cc.  of  water,  and  the  mixture  left  in  the  ice  box 
overnight  for  extraction.  The  filtrates  were  gradually  mixed  with 
5,  1(»,  or  even  more  cubic  centimeters  of  hydrogen  peroxid,  as  the 
degree  of  activity  in  special  cases  demanded,  while  the  washed  residue 
was  suspended  in  from  50  to  60  cc.  water  before  the  hydrogen  peroxid 
was  added. 

Cubic  centimeters  of  oxtjgeu  developed  by  different  leaves. 


Mt^nolia  ( Magnolia  sp. ) 

Holly  (Ilex  sp. ) 

C\over9  (Trifollum repens) , 

('otton  (Gossypiumherbttceum). 

Rose2  (Rosasp.) 

Spruce  (Pieea  sp. ) , 


.uinnmcs. 


47 
50 
9.S 
49 
f)'l 
56 


lU  miii- 
ules. 


15  min- 
utes. 


92  ' 

95 
129 
102 
106  , 
107 


129 
129 
176 
157 
156 
148 


20  min- 
utes. 

25  min- 
utes. 

163 

*******■■■■■ 

21 H 

209 
202 

252 

'  It  may  be  mentioned,  however,  that  the  temperature  of  the  lubtiratory  ranged  generally  from  16° 
to  22<^  c.  and  t  .le  barometric  pres.sure  from  746  to  771  mm. 

-Clear  filtrates  of  the  diluted  juices  of  the  leaves  of  rose  and  clover  were  also  prepared  and  tested 
but  /3-c>atala8e  was  absent. 
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Cubic  centimeters  of  oxyycn  developed  hif  rttrioim  »eedA. 


Minutes. 


GRAMINEiB: 

Sweet  coni  (Zea  «ic<*huratH  > j jt(»^.™iie* ' " 

Barley  (Hordeum  witiviim) {Residue"!l 

Rye  (Secalc  oereale) {Kie!^ 

Wheat  (Tritlcum  sativum) {KtlsSiduc" '.  .'I 

Wheat  (Calif. )  (Tritlcum  sativum)  {Reslidue' " '. 

Millet  (Chaetochloaltallca) {Rtl^due!! 

Crucifer*: 

Black  mustard  (Brassica  nigra ) {RtiJidue  .' '. 

White  muatard  (Brassica  alba) {Rtijli'due" ' ' 

Turnip  (BrnsBicarapa)  {Rjildue!! 

Radish  (RaphanuH  sativus) {Rwidue* ' * 

R*ipe(Bnu«icanapu.^ fedue:! 

Legumino6.«: 

Peas  a*i8um  sativum) {r1»M™ lie" .' ! 

Beans  (Phaseol us  vulgaris) {Rwidue'!.' 

Lentils  (Lens  esculcnta) JRlili^ue' .' '. 

Lupins  (Lupinus  luteus) {Residue" '. '. 

Clover  (Trifollumrepensi |R(!iidue"!! 

Alfalfa  (MedlcagomtivH) {Rtl^i^ie:.' 

Various  fatty  beed«: 

Cotton  (Go«Bypium  herb»vceum ) {r Jlili^uo* ' ' 

Flaxseed  (Linum  usltatlsslmum ) JResi'due' ' ' 

Sunflower  (Helianthns  annuus) iRwidue' '. ' 

Poppy  (Papaver  sp.) {Residue':: 

Miscellaneous  seeds: 

Tobacco  ( Nleotiana  tabacum ) {Residue  '. '. 

Beet  (Beta  vulgaris) iRlJiduo":; 

Squash  (Cueurbitasp.) feidue;: 

Pumpkin  (Cucurblta  poiK.) iRes/due"!! 

Peach  (Prunuapersica) {RclIuUie' ! ! 

Almonds  ( Prunus  am  y gdalus ) |  Rtlsi?! ue" '. '. 

iFiltrate 
Chestnut  (Castanea  americana) <J  j^^.j;j(i,n»* ' ' 

English  walnut  ( Juglans  n-gla ) 1  Rosid ue' ! ! 

Filtnito.!! 

Residue  .. 

Filtrate... 

Residue  .. 

Filtrate... 

Residue  .. 

P'iltrate... 

Residue  .. 
r  Filtrate... 
\Residue  .. 


Pecan  ( Hicoria  pecan) 

Filbert  ( C«rylu.s  sp. ) 

Butternut  (Juglans  cinerca) 
Peanut  (Arachis  hyiM);,'ea). . 
Peanut  hull 


5. 

10. 

99.0 

150.0 

38.0 

52.0 

9.0 

14.0 

20.0 

32,0 

8.0 

11.4 

12.5 

17.0 

4.4 

7.0 

6.5 

9.2 

9.0 

14.0 

13.1 

20.1 

21.0 

:».o 

18.0 

25.0 

3.0 

3.0 

9.5 

12.7 

3.2 

3.5 

4.8 

8.0 

1.0 

1.7 

98.0 

121.0 

2.0 

2.4 

62.0 

79.0 

1.0 

1.0 

66.0 

90.0 

16.0 

19.0 

3.6 

4.0 

62.0 

82.0 

20.0 

28.0 

8.2 

10.2 

18.0 

24.0 

44.0 

60.0 

61.0 

79.0 

107.0 

170.0 

100.0 

162.0 

48.0 

58.0 

67.0 

108.0 

112.0 

112.5 

75.0 

101.0 

59.0 

88.0 

()6.0 

90.0 

84.0 

KM.O 

109.0 

159.0 

?2.0 

i;{2ro 

92.0 

150.0 

50.0 

70.0 

:«.o 

45.0 

25. 0 

30.0 

24. 0 

31.0 

79.0 

91.0 

;«.o 

44.0 

96.0 

142. 0 

(M.O 

88.0 

5t).0 

108.0 

178.0 

214. 0 

22.0 

36.0 

5.5 

7.5 

63.0 

99.0 

(]».  0 

89.0 

50.0 

a5.o 

8.\0 

92.0 

29.0 

47.0 

88.0 

103.0 

48.0 

73.0 

44.0 

66.0 

15.0 

29.0 

7.0 

11.0 

117.0 

12:i.O 

72.0 

97.0 

3.0 

5.0 

0.0 

10.0 

15. 

2ii. 

lyi.o 

69.6 

17.0 

42.0 

14.0 

20.0 

9.6 

11.0 

18.0 

24.0 

•••■■•■■ 

ff2.0 

79.0 

31.0 

36.0 

14.0   

11.0 



125.0  I. 
2.6  I 
87.0  I. 


103.0 

21.0 

4.2 

95.0 

35.0 

11.2 

26.0 

70.0 

89.0 

214.0 

221.0 

63.0 

130.0 


I 


103.0 
96.0 
95.0 
121.0 
172. 0 
194.0 
203,0 

81.0 
54.0 
32.0 
33.0 

96.0 
49.0 

167 
96 

132 

226.0 

48.0 

9.5 

116.0 
96.0 
89.0 
95.0 
62.0 

103.0 
85.0 
80.0 
38.0 
14.0 

124.0 

110.0 

8.0 

12.0 


117.0 


100.0 


92.0 
S».0 


J  This  filtrate  was  not  perfectly  cleur. 
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Cubic  ceniimeiers  of  orygen  developed  by  mrio^is  fniitSj  etc. 


Miniitctt. 


5. 


10.      I      15. 


20. 


Oiuuge  (Citrus  aurantlam  sinenalfl) {Residue 


Orange  II.. 
Orange  peel 


Filtrate... 
Residue  ., 
Filtrate... 
Ri'sidue  ., 

Lemoni  (Citrus  medica  limon) iR(!^Id\\e"' 

Le"«"p««^ teid^e':; 

Banana  (Musaeapientum) {ReMdie' ." ! 

^^n^p^^ teidie:: 

Apple,  sour  (Pyrusmalua) IrcS:: 

Apple,  subacid {^tl^J^:; 

Apple  peel {Sil^/T:; 

Apple  peel,  subacid {Resldie: 

AnnlPHOPda  /Filtrate.. 

Apple  seea^ \Ko  idne  . 


Pear  ( Pynis 


~ni.) {^^Z.. 

Pear  peel \^l^:: 

Date  (Phoenix  dactylifera)  {ResiXe".': 

Strawberries,  sour  ( Fragaria  chiloensls) {Rc!^?flue  ' 

Strawberries,  neutralized {rosMuo  " 

Onion,  bulb  (Allium  cepa) JRllMdue";; 

Onion  leaves \^^Z;:. 

Potato  flesh  ( Solanum  tuberosum ) i  K' ! S",\V.V " 

Potato  peel {S^': 


1.5 
2.5 
2.0 
8.0 
1.8 
4.0 
1.0 
.6 
1.0 
3.2 
3.0 
6.5  , 
5.0  I 

40.0 
4.0 
3.0 
1.0 
2.2 
3.0 
3.0 
2.8 

16.0 
119.0 

10.0 
5.5 

W.O 

a.o 

52. 0 
4.0 
10.5 
.5 
.5 
6.0 
2.0 
3.0 
21.0 
76.0 
91.0 
'M\.  0 
r)2.0 
60.0 
75.0 


1 
2 
4 
3 
2 
7 

l.n 
.8 
1.2 
•1,5 
3.0 

10.0 
7.5 

72.0 
4.2 
8.0 
1.6 
8.2 
3.0 
6.0 
3.8 

26.0 
180.0 


8 

.5 

.. 

0 

2 

0 

1 

.0 

9.0 

13.0 
10.5 
87.0 


14.0 
96.6 


3.6 


110.0 

163.0 

5.5 

7.2 

20.0 

30.0 

22.0 

33.0 

62.0 

91.0  , 

4.0 

7.0 

10.5 

17.5 

.5 

1.0 

.5 

1.0 

6.0 

7.5 

4.3 

3*.0 

227.0 

223.0 

9.4 

36.0 

42.0 

101.0 

8.0 

23.0 


45.0 
104.0 


3.5 
5.0 
37.0 
97.0 
140.0 
82.0 
71.0 
S2.0 
91.0 


6.5 

62. 0 

110.0 

189.0 

92.0 

fO.O 

93.0 

101.0 


i'S.  0 
s.i.  0 

y^t.o 

h-J.O 


1  The  lemon  juice  neutralized  by  carbonate  of  soda  yicUlcd  5  cv.  oxyjfcn  in  fivi'  minutes. 
2The  filtrate  from  apple  seed  developed  552  cc.  oxygen  in  forty-five' minutes,  the  residue  379  cc.  in 
thirty  minutes.  - 

We  learn  from  these  determinations  that  the  flesh  of  the  fruits 
when  of  an  acid  character  is  poor  in  catjilase  and  that  at  the  same  time 
the  seeds  ma}^  be  very  rich  in  it.  Compare,  for  instance,  the  above 
data  for  apple  seed  and  apple  flesh.  It  is  true  that  a  better  result  is 
obtained  after  neutralization  of  the  acid,  but  even  in  this  case  the  cata- 
l^^tic  power  appears  small.  Compare,  also,  the  data  for  strawberry  and 
lemon.  Evidently  the  accumulation  of  acid  kills  the  enzym.  We 
notice  further  a  relatively  large  amount  in  the  fatty  seeds,  but  in 
starchy  seeds  only  the  sweet  corn  and  chestnut  are  noticeabU^  rich  in 
catalase.  Relatively  a  very  large  content  of  /5-catalase  is  observed 
with  seeds  of  poppy  and  clover.  Turnip,  radish,  and  nipe  seed,  while 
rich  in  flf-catalase,  are  exceedingly  poor  in  /^-catalase.  During  ger- 
mination the  total  catalase  is  verv  much  increased,  as  observed  with 
barley  shoots  about  5  cm.  long.  Twenty  grains  yielded  in  twenty 
minutes  30  cc.  of  oxygen,  while  twenty  shoots  from  the  same  lot 
yielded  fully  130  cc. 

15253 3 
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In  fungi  the  amount  of  catalase  is  relatively  very  large.  Spores  of 
Penldllium  glaiicion  were  sown  in  one  liter  of  a  sterilized  aqueous  solu- 
tion of  the  following: 

Per  cent. 

Peptone 0. 1 

Glucose 5 

Malic  acid 2 

Dipotassiuai  phosphate 1 

Magnesium  sulphate 01 

After  four  weeks  a  large  mass  of  mycelium  with  spores  was  devel- 
oped, which  was  filtered  oif.  In  the  clear  yellowish  filtrate,  which  now 
showed  a  neutral  reaction,  a  considerable  reaction  for  /^-catalase  was 
obtained,  but  none  for  either  oxidase  or  peroxidase.*  Of  this  filtrate 
three  portions  of  50  cc.  each  were  taken.  The  first  was  mixed  directh* 
with  10  cc.  of  hydrogen  peroxid;  the  second  portion  oxAy  after  heat- 
ing for  two  minutes  at  75-  C.  and  quickly  cooling;  the  third  portion 
after  heating  to  87^  for  one  minute  and  allowing  to  cool  slowU^. 
The  volume  of  oxj^gen  developed  in  fifteen  minutes  from  the  first 
portion  was  78  cc,  from  the  second  portion  only  14.8  cc,  while  from 
the  third  portion  no  oxygen  at  all  was  developed.  The  washed  m\'ce- 
lium,  together  with  the  spores,  was  now  left  for  one  hour  in  80  per 
cent  alcohol  in  order  to  kill  the  mycelium,  which  wa*s  then  pressed 
gently  between  filter  paper,  dried  at  40-  C,  and  finely  pulverized. 
Of  this  product  0.5  gram  was  again  washed  well  with  water,  in  order 
to  remove  all  >^-catiilase,  and  then  suspended  in  20  cc  water.  Hydro- 
gen peroxid  in  portions  of  10  cc.  was  now  gradually  added.  The 
sudden  start  and  sudden  stop  of  the  development  of  oxygen  gas  was 
very  striking  and  evidently  indicated  the  presence  of  a  great  deal  or 
of  a  very  energetic  kind  of  catalase.  When  the  process  had  slowed 
down  considerably  further  addition  wa^  stopped.  In  the  short  time  of 
forty-one  minutes  fully  800  cc  of  oxygen  were  developed*  from  1H> 
cc.  of  hydrogen  peroxid  added.  It  was  probably  the  a-catahise  of 
the  mycelium  only  and  not  that  of  the  j^pores  of  the  fungus  that 
caused  this  considerable  development,  since  the  mem])ranes  of  the  lat- 
ter are  impregnated  by  a  fatty  substance  that  admits  aqueous  solutions 
to  the  interior  with  considerable  difiicultv.' 

Another  fungus  tested  was  PhurotiLs  .sifpldifn^  which  proved  very 
rich  in  y^-catalase  but  less  rich  in  nr-catalase.  Conidia  of  a  Uredo  also 
showed  a  very  powerful  action. 

A  test  for  catalase  in  bakers'  veast  vielded  the  following:  result:  A 
portion  was  divided  into  three  ecjual  parts,  one  ])art  being  dried  at 

*  A  slight  blue  coloration  that  set  in  after  half  an  hcmr't*  standing  in  the  tt»8t  for 
oxidase  (not  peroxidaw)  can  hardly  Ik*  considered  as  a  decisive  tt^t. 

^Barometric  pressure  771  nun.;  temperature  22°  C\ 

^That  the  accumulation  of  /^-catalase  in  a  licjuid  is  not  inimical  to  bacterial  growth 
was  proven  with  the  mold  culture  tiltrates. 
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110°  C.  to  determine  the  drv  matter,  which  was  found  to  be  1.851 
grams;  another  portion,  suspended  in  25  cc.  of  water,  after  the  addi- 
tion of  10  cc.  of  hydrogen  peroxid  developed  82  cc.  of  oxygen  in 
thirty  minutes;  the  third  part  was  left  with  100  cc.  of  a  10  per  cent 
glucose  solution  for  twenty-four  hours  and,  after  filtering  the  ferment- 
ing liquid,  the  filtrate  and  residue  were  tested  separately.  The  filtrate 
gave  no  reaction  with  hydrogen  peroxid;  the  residue  treated  as  above 
gave  108  cc.  of  oxygen  in  thirty  minutes.  This  sample  of  yeast  con- 
tained no  oxidase  and  but  a  trace  of  peroxidase. 

Another  test  was  made  with  fresh  beer  yeast,  the  yeast  being  free 
from  any  trace  of  oxidase  and  containing  only  a  faint  trace  of  peroxi- 
dase. A  portion  of  the  yeast  was  suspended  in  100  cc.  of  water  and 
with  frequent  shakings  the  mixture  was  divided  into  two  equal  parts, 
one  part  serving  for  the  determination  of  the  dry  matter,  which  was 
found  to  be  0.640  gram.  The  other  part  was  left  with  3  cc.  of  chlo- 
roform for  twenty-four  hours  in  order  that  the  cells  might  be  killed 
and  consequently  give  up  their  enzyms  to  the  water  more  easily,  thus 
making  it  possible  to  determine  whether  there  was  any  soluble  catalase 
present.  This  was  found  to  be  the  case.  The  clear  filtrate  gave,  upon 
the  giudual  addition  of  15  cc.  of  hydrogen  peroxid,  117  cc.  of  oxy- 
gen in  thirty  minutes.  The  killed  yeast  itself,  however,  after  washing 
gave  452  cc.  of  oxygen  in  fifteen  minutes.  This  hardly  leaves  an}" 
doubt  but  that  the  amount  of  ar-catalase  here  is  larger  than  the  amount 
of  /J-catalase.  It  is  noticeable  also  that  the  fresh  beer  veast  is  richer 
in  total  catalase  than  bakers'  yeast. 

Various  bacteria  also  produce  considerable  catalase,  ^Baoilhw  ^>y^ey«- 
neus^  for  example;  but  the  amount  depends  to  some  extent  upon  the 
conditions  of  nutrition.  In  a  nutrient  fluid  containing  0.5  per  cent 
peptone  and  1  per  cent  glycerol  or  cane  sugar  as  organic  materials 
there  was  much  less  catalase  produced  than  in  a  solution  containing  1 
per  cent  glycerol,  0.2  per  cent  tyrosine,  and  0.2  per  cent  sodium 
acetate,  but  no  peptone. 

In  the  animal  kingdom  catalase  is  also  of  general  occurrence.  The 
aqueous  extracts  of  spleen,  pancreas,  liver,  kidney,  brain,  muscles, 
and  also  the  blood  serum  show  the  power  of  catalyzing  hydrogen 
peroxid,  but  certain  secretions,  as,  for  example,  the  urine,  lack  it. 
Infusoria,  insects,  worms,  and  mollusks  wore  examined  also  with 
positive  results. 

The  luminous  parts  of  a  lightning  beetle  do  not  contain  a  markedly 
larger  proportion  of  (tatalase  than  other  parts  of  this  insect.  Dif- 
ferent parts   of   about  equal  size  were   crushed  with   about  10  cc. 

*  Other  oxidizing  enzyms — oxidase  and  peroxidase — do  not  appear  to  he  produced 
by  many  bacteria.  Cultures  of  B.  mf/tilis  and  B.  pyortfannis  did  not  show  tliem,  but 
according  to  Roux  (Comptes  Rend.,  vol.  128,  p.  212,  1S99),  B.  coli  can  produce  one 
of  these. 
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water,  and  after  transferring  into  an  Erlenmeyer  flask,  5  cc.  hydro- 
gen peroxid  were  added  (rendered  previously  slightly  alkaline).  The 
time  necessary  to  produce  20  cc.  and  40  cc.  oxygen  was  then  noted. 
The  results  were: 


Oxygen. 


20  cc. 
40  cc. 


withh«d«;{a'„^ppj;'.j;;iS^- 


Minut€8. 

U 
51 


Minuter. 


11 

7} 


Minutes. 
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A  small  beetle  of  about  the  size  of  the  head  of  the  lightning  beetle 
produced  40  cc.  oxygen  in  six  and  one-fourth  minutes,  while  a  medium- 
sized  Carabus^  0.618  gram  in  weight,  after  being  crushed  with  20 
cc.  water,  produced,  upon  the  gi'adual  addition  of  20  cc.  hydrogen 
peroxid,  168  cc.  oxygen  in  four  minutes,  corresponding  to  the  decom- 
position of  nearly  0.5  gram  pure  anhydrous  hydrogen  peroxid. 

The  extracts  *  of  animal  organs  yield,  on  saturation  with  ammonium 
sulphate,  precipitates  which,  after  drying  at  the  ordinary  temperature, 
are  onh'  partly  soluble  again  in  water.  However,  not  only  the  soluble 
portion,  but  also  that  which  has  become  insoluble,  shows  catalytic 
power.  Two-tenths  of  a  gram  of  the  insoluble  part  of  a  crude  cata- 
lase  preparation  from  calf's  spleen,  when  suspended  in  20  cc.  water, 
yielded,  upon  addition  of  5  cc.  hydrogen  peroxid,  29.2  cc.  oxygen  in 
twent}"  minutes.  Hence  this  product  contains  relatively  little  of  the 
active  principle.  An  aqueous  extract  of  beef  muscles  has  a  high 
degree  of  cattily  tic  power,  and  f  ven  after  it  is  heated  for  one  moment 
to  62^  C.  and  the  coagulated  albumen  is  removed  the  clear  filtrate  has 
still  a  powerful  action  on  hvdrogen  peroxid,  while  the  coagulum  itself 
gives  merely  a  faint  trace  of  action,  showing  that  it  absorbed  only 
traces  of  catalasc.  Finely  chopped  beef  extracted  for  fifteen  minutes 
with  twice  its  weight  of  water  at  40^  C.  yielded  a  reddish  filtrate  of 
weak  acid  reaction,  of  which  20  cc.  decomposed  5  cc.  of  a  3  per  cent 
hydrogen  peroxid  preparation  almost  completely  in  one  minute. 
When  rendered  slightly  alkaline  the  same  amount  of  filtrate  produced, 
upon  addition  of  20  cc.  hj'drogen  i>eroxid,  fully  163  cc.  oxygen  gas  in 
but  two  minutes. 

The  presence  of  «-catalase  as  well  as  /^-catalasc  in  the  pancreatic 
gland  becomes  probable  from  the  fact  that  the  pulp  shows  considerable 
catalytic  power  even  after  repeated  extraction  with  chloroform  water. 
A  1  per  cent  solution  of  sodium  car})onate  at  the  ordinary  temperature, 
however,  extract^  the  insoluble  portion  of  catalase  but  slowly,  and 
besides  transforms  a  part  of  it  into  /^-catalase  by  its  prolonged  influ- 
ence. The  hen's  eg^r  Is  an  object  poor  in  catalase.  Ten  cc.  of  the 
white  of  an  egg,  upon  mixture  with  5  cc.  hydrogen  peroxid,  yielded 

^  These  extracts  were  prepared  by  the  digestion  of  the  finely  chopped  organs  with 
water  at  40^  to  60°  C.  for  a  short  time  and  filtering. 
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only  21  cc.  of  oxygen  in  fifteen  minutes,  and  the  entire  j'olk  yielded 
only  1  cc. 

Milk  sometimes  contains  only  tmces  of  catalase.  In  one  case  20  cc. 
of  fresh  cow's  milk  gave,  upon  the  addition  of  10  cc.  hydrogen  peroxid, 
only  2.4  cc.  oxygen  in  fifteen  minutes.*  In  another  instance  20  cc.  of 
fresh  milk  yielded,  after  the  addition  of  15  cc.  hydrogen  peroxid,  9.2 
cc.  oxygen  in  the  same  length  of  time.* 

Some  observations  made  by  Spitzer '  with  regard  to  the  amounts  of 
ox3'gen  produced  by  various  organs  may  be  added  here: 
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IS  CATALASE  AN  OXIDIZIKG  ENZYMP 

The  simple  fact  that  catalase  energetically  decomposes  hydrogen 
peroxid  would  not  in  itself  justif}'^  the  inference  that  catalase  is  also  an 
oxidizing  enzym.  Such  a  deduction  has,  however,  some  probability, 
since  we  find  this  catalytic  property  together  with  the  power  of  induc- 
ing oxidations  in  one  other  substance,  viz,  platinum  black.  But 
platinum  black  furthermore  shows  the  chief  chamcteristic  of  the  ordi- 
nary oxidase — that  of  causing,  even  in  the  absence  of  hydrogen  per- 
oxid, a  blue  reaction  with  guaiac,  which  reaction  is  not  obtained  with 
catalase.  With  platinum  black  even  reducing  actions  are  known,*  the 
writer  having  j'^ears  ago  shown  that  nitrates  are  reduced  to  ammonia 
by  glucose  in  aqueous  solution  upon  the  addition  of  some  very  active 
platinum  black.  "^  In  this  process  the  oxygen  of  the  nitrates  is  thrown 
upon  the  sugar,  which  is  thus  converted  into  acids,  while  hydrogen 
from  the  sugar  migrates  to  the  nitrogen  of  the  nitrates,  jaelding 
ammonia.  This  interesting  process,  which  demonstrates  that  an  agency 
causing  oxidations  can  under  other  circumstances  also  cause  reductions, 
seems  to  have  remained  unknown  to  some  recent  writers,  to  judge  from 
their  peculiar  discussions  of  the  reducing  actions  in  the  living  cells. 

*  Since  catalase  and  other  oxidases  are  not  constant  concomitants  of  milk,  it  might 
be  of  interest  to  compare,  in  this  regard,  milk  from  healthy  with  that  from  diseased 
animals. 

'  The  so-called  test  of  Storch  to  distinguish  boiled  from  unboiled  milk  has  nothing 
to  do  with  catalase. 

■Pfluger's  Archiv,  vol.  67  (1897). 

*Berichte  der  Deutschen  Chemischen  Gesellschaft,  Vol.  XXIII,  p.  675  (1890). 

*The  decrease  of  the  nitrate  content  during  the  sweating  process  of  tobacco  and 
the  formation  of  nitrite  (and  probably  of  ammonia)  thereby  may  be  due  to  an 
analogous  action  of  catalase.  A  short  contact,  however,  does  not  suffice  to  accom- 
plish such  a  change,  as  a  special  test  showed. 
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In  how  many  particulars,  however,  the  behavior  of  platinum  black 
is  again  encountered  in  catalase  will  need  to  be  determined  by  special 
investigations.  Some  authors  hold  the  oxidases  to  be  transferrers  of 
oxygen,  but  in  reality  they  are  transferrers  of  chemical  energy  by 
which  certain  other  compounds  are  enabled  to  take  up  the  molecular 
oxygen  directly,  which  they  could  otherwise  do  only  at  a  high  tem- 
perature. Spitzer  ascribes  to  the  iron  organically  bound  in  certain 
nucleo-proteids  the  property  of  inducing  oxidations.  The  ordinary 
oxidase  and  peroxidase,  however,  as  well  as  /J-catalase,  do  not  possess 
the  general  characteristics  of  nucleo-proteids,  but  those  of  albumoses. 

The  a<^tion  of  oxidizing  enzyms  in  animals  has  been  investigated  by 
a  number  of  authors.  It  has  been  found  that  a  pulp  made  from  various 
animal  organs,  or  extracts  prepared  therefrom,  can  oxidize  salicylic 
aldehyde,  benzaldehyde,  and  formaldehyde  to  their  corresponding 
acids.  Methvl  alcohol  can  be  oxidized  to  formic  acid,  benzvl  alcohol 
to  benzoic  acid,  and  the  oxidation  of  acetone  and  uric  acid  has  also 
been  obsen^ed.  Various  color  reactions  ^  caused  by  oxidation,  as  the 
formation  of  indophenol,  Bindschedler's  green,  and  totuylene-blue,* 
are  also,  according  to  Spitzer,  induced  by  the  animal  oxidases.  Of 
inorganic  materials  the  oxidation  of  arsenious  to  arsenic  acid  by 
animal  juices  was  observed  by  Binz. 

It  appears  that  several  oxidizing  enzyms  exist  in  animals.  Pohl 
prepared  extracts  which  were  capable  of  oxidizing  aldehydes  but  inca- 
pable of  giving  the  indophenol  reaction.  Jacoby  observed  the  dcstnic- 
tion  of  uric  acid  by  dog's  liver,  but  not  by  calf  s  liver.  We  encounter 
further  contradictory  statements,  especially  in  regard  to  the  oxidation 
of  glucose  and  arabinose  by  the  expressed  juices  of  liver  and  pancreas. 
Jacoby  found  the  amount  of  arabinose  thus  oxidized  to  be  very 
small.'  W.  Spitzer  and  others  have  observed  the  destruction  of  a 
small  amount  of  gflucose  bv  blood  drawn  from  animals  and  bv  various 
extracts  of  animal  organs.*  This  so-called  glycolysis  was  ascribed  to 
an  oxidizing  enzym  which,  according  to  Spitzer,  gives  a  blue  reaction 

*  These  color  reactions  are  best  obtained  by  moistening  paper  with  the  reagents  and 
bringing  it  in  contact  with  the  animal  pulp. 

•The  colored  compounds  of  Lauth  can  not,  however,  be  formed  by  oxidases 
(Spitzer). 

'  This  author  further  ob8er\'ed  that  the  animal  oxidase  which  easily  oxidizes  salicylic 
aldehyde  to  salicylic  acid,  is  not  destroyetl  at  70°  C,  and  that  small  quantities  of 
chloroform,  or  a  solution  of  0.1  per  cent  sodium  hydrate,  stimulate  its  action,  while 
1  per  cent  sodium  carbonate,  or  0.3  per  cent  sodium  hydrate,  prevent  it. 

*Pfluger's  Archiv,  vol.  60,  p.  303  (1895).  As  examples  he  mentions  that  10  cc. 
dog's  blood  can  destroy  in  one  hour,  at  40°  C,  20  milligrams  of  glucose  (determined 
by  titration);  25  cc.  delibrinated  dog's  blowl  oxidized  (completely?)  at  39°  C,  0.1 
gram  of  glucose  in  twenty-four  hours.  The  serum  is  not  active;  the  cellular  ele- 
ments contain  the  active  principle  (U'pine,  Spitzer).  Addition  of  hydrogen  peroxid 
did  not  promote  the  process  of  destruction,  not  even  upon  hirther  addition  of  pal- 
ladium, which  produced  nascent  oxygen  from  the  hydrc^en  peroxid. 
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with  guaiac  on  addition  of  hydrogen  peroxid,  and  also  shows  at  the 
same  time  catalytic  action  on  hydrogen  peroxid.  This  opinion,  how- 
ever, had  already  been  doubted  by  Jacoby,  who  assumes  not  only 
one  but  several  oxidizing  enzyms  in  the  animal,  and  also  holds  that 
the  agency  oxidizing  the  sugar  is  diflferent  from  that  which  oxidizes 
salicylic  aldehyde  to  salicylic  acid.* 

Quite  recently  F.  Umber  *  has  asserted  that  the  destruction  of  sugar 
by  an  extract  of  the  pancreas  gland  is  merely  due  to  microbes,  since 
it  is  not  observed  when  antiseptic  measures  are  resorted  to. 

The  inability  of  a-  and  y^-catalase  to  produce  a  blue  reaction  with 
guaiac  solution  appeal's  at  fii*st  sight  to  be  decisive  against  the  assump- 
tion that  these  enz^'^ms  can  bring  on  any  oxidation;  but  this  inference 
is  not  justifiable,  since  the  action  of  the  oxidizing  enzyms  is  sometimes 
quite  specific;  that  is,  they  act  only  on  a  certain  group  of  bodies  of  a 
distinct  chemical  character  or  on  compounds  in  which  not  only  a  cer- 
tain degree  of  lability,  but  also  a  configui^ation,  is  found  that  coincides 
in  a  certain  measure  with  that  of  the  oxidizing  enzym.  Gruss  has 
recently  observed  an  oxidizing  enzym  in  barley  grains  which  has  no 
reaction  on  guaiac,  but  yields  a  violet  color  with  tetramethylpai*aphe- 
nylendiamine.     He  calls  it  spermase.' 

The  indophenol  reaction  also  can  not  be  produced  by  catalase.  This 
was  tried  with  a  preparation  from  sweated  tobacco  and  with  one 
obtained  by  salting  out  the  filtrate  of  a  culture  of  PenicilUimh  by 
anmioniiun  sulphate.  A  trace  of  hydrogen  peroxid  in  the  control  case 
sufficed  to  produce  this  blue  color  in  the  mixture  of  paraphenylen- 
diamine  and  ^-naphthol  in  presence  of  sodium  carbonate,  even  in  the 
absence  of  oxidizing  enzyms. 

A  characteristic  oxidation  by  catalase,  however,  is  produced  with 
hydroquinone,  the  odor  of  quinone  being  developed  within  a  very 
short  time.  This  has  been  tried  with  /^-catalase  salted  out  from  the  j  nice 
of  potatoes,  with  extract  of  poppy  seed,  with  a  concentrated  extmct 
of  sweated  tobacco,  and,  further,  with  tobacco  that  had  been  well 
extracted  with  water  containing  chloroform.  This  well-washed 
tobacco,  containing  a  considerable  amount  of  ^-catalase,  gave,  after 
being  moistened  with  a  dilute  solution  of  hydroquinone  and  stand- 
ing fifteen   minutes,   the   characteristic  quinone  odor,   which  after 

»Virchow*8  Archiv,  vol.167,  p.  235  (1899). 

« Zeitschrift  fiir  Klinische  Medicin,  vol.  39,  p.  13  (1900) . 

'Sometimes  the  reaction  of  the  medimn  to  be  tested  has  to  be  carefully  observed, 
since  certain  color  reactions,  as,  for  example,  the  indophenol  reaction,  succeed  only  in 
weak  alkaline  solution.  Sometimes  certain  compounds  may  also  be  present  which 
interfere  with  the  production  of  the  reaction.  Thus,  Epstein  observed  that  the  action 
of  the  oxidase  contained  in  fresh  juice  of  beets  is  prevented  by  the  presence  of  prussic 
acid,  and  is  restored  when  this  is  expelled  by  a  current  of  air.  This  is  also  a  deci- 
sive proof  of  the  enzymatic  nature  of  the  oxidizing  phenomena  in  fresh  beet  juice. 
(Archiv  fiir  Hygiene,  vol.  36,  p.  140.) 
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twenty-four  hours  became  very  strong.  The  same  moist  tobacco 
was  heated  in  a  closed  vessel  to  95^  C.  for  ten  minutes  and  then 
moistened  with  the  same  solution,  but  no  trace  of  the  quinone  odor 
could  be  perceived,  even  after  twenty -four  hours.  The  same  negative 
behavior  was  observed  with  tobacco  cured  with  artificial  heat  at  a 
higher  temperature  and  therefore  containing  no  catalase  (flue-cured 
bright-yellow  Virginia  tobacco),  no  trace  of  the  odor  being  produced. 

The  sweated  tobacco  which  was  used  in  the  tests  with  h3'droquinone 
was  free  from  oxidase  and  peroxidase  and  did  not  contain  any  other 
known  enzj'm;^  it  therefore  follows  that  a-  and  /J-catalase  belong  to 
the  class  of  oxidizing  enzyms. 

The  smell  of  quinone  produced  by  the  action  of  animal  catalase 
upon  hydroquinone  is  less  marked,  perhaps  on  account  of  the  presence 
of  too  large  a  proportion  of  impurities  of  a  protein  nature.  But  this 
oxidation  can  be  observed  well  when  to  a  concentrated  extract  of  beef, 
made  at  the  ordinary  temperature,  1  per  cent  of  hydroquinone  is  added 
and  the  mixture  is  left  for  several  days  in  a  large  flask  plugged  with 
cotton.  The  hydroquinone  produces  a  precipitate  and  also  a  gradual 
and  modei*ate  darkening  of  the  mixture.  It  furthemiore  prevents,  in 
that  concentration,  bacterial  development.  When  after  sevei'al  days 
a  little  oxalic  acid  is  added,  a  very  marked  odor  of  quinone  is  developed, 
becoming  much  stronger  on  heating. 

While  certain  oxidases  can  oxidize  very  dilute  eugenol  to  vanillin, 
catalase  seems  incapable  of  accomplishing  this;  at  least  no  odor  of 
vanillin  was  noticeable  after  one  dav.  Nor  is  ethyl  alcohol  oxidized 
by  it  either  to  aldehyde  or  to  acetic  acid,  and  cyanin  is  not  decolorized 
by  it,  although  this  compound  is  easily  destroyed  by  other  oxidizing 
agents,  as,  for  example,  hydrogen  peroxid.  Saligenin  and  indigo  car- 
min  are  not  attacked  b}^  it,  at  least  not  in  neutral  solution. 

Other  tests  were  made  to  ascertain  whether  carbonic  acid  would  be 
produced  from  various  organic  compounds  by  the  action  of  ^-catalase. 
Sweated  tobacco,  rich  in  a-catalase,  was  well  extracted  with  chloroform 
water  at  the  ordinary  temperature,  pressed,  and  an  amount  correspond- 
ing to  from  35  to  40  grams  of  dry  matter  put  in  a  flask,  after  being 
moistened  with  solutions  of  the  organic  substances  to  be  tested,  and 
heated  to  from  55^  to  60^  C.  in  a  current  of  air,  which  had  passed  through 
a  solutionof  caustic  potash  and  then  through  a  flask  containing  chloro- 
form. For  absorption  of  the  carbonic  acid  a  solution  of  barium  h^'drate 
containing  0.62  per  cent  of  BaO  was  used.  Each  test  lasted  one  hour. 
Control  tests  w6re  also  made,  since  not  only  the,absorption  of  carbonic 
acid  from  the  air  by  the  tobacco  before  it  was  placed  in  the  flask,  but 

^  It  is  scarcely  necessary  to  state  that  the  common  hydrolyzing  enzyms — diastase, 
emulsin,  papain,  eU;. — have  not  the  power  of  oxidizing  hydroquinone  to  quinone. 
The  writer  has  especially  assured  himself  on  this  point. 
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also  the  oxidation  of  certain  organic  materials  contained  in  the  leaves, 
was  possible.^ 

It  was. found  that  of  the  25  cc.  of  baryta  water  applied  in  the  two 
control  cases  there  were  neutralized  3.1  and  3.4  cc,  respectively.  The 
other  results  were  as  follows: 
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During  the  one  hour  the  test  lasted  no  distinct  traces  of  ammonia 
were  produced  either  from  tyrosine  or  nicotine.  These  compounds 
might,  however,  show  less  resistance  under  the  iniluence  of  other 
oxidation  processes  of  a  considerable  activit}'  as,  for  instance,  in  the 
fermenting  of  the  tobacco  piles.  The  amount  of  carbonic  acid  pro- 
duced in  this  short  time  was  also  but  small,  and  may  represent  a  mere 
by-product  of  partial  oxidations.  Some  oxidation  in  the  above  cases 
can  onlj'  be  assumed  for  glucose  and  citric  acid,  since  the  other  num- 
bers diflfer  too  little  from  those  of  the  control  case. 

Another  special  test  showed  that  an  aqueous  solution  of  0.5  per  cent 
glucose,  in  presence  of  1  per  cent  phenol  as  an  antiseptic,  is  not  changed 
by  y^-catalase  at  the  ordinary  temperature  within  a  fortnight.  The 
solution  was  kept  in  a  large  closed  flask  in  contact  with  much  air,  and 
was  repeatedly  titrated  with  Fehling's  reagent.  The  result  may  differ, 
however,  when  the  mixture  is  exposed  to  the  air  on  a  porous  surface 
and  in  presence  of  an  alkaline  reaction. 

THE  PHTSIOLOaiCAL  IMPORTANCE  OF  CATALASE. 

There  does  not  exist  a  group  of  organisms  or  any  organ  or  even  a 
single  vegetable  or  animal  cell  that  does  not  contain  some  catalase,  as 
far  as  the  observations  of  the  writer  go.  This  general  occurrence  of 
catalase  in  the  orgiinized  world  can  not  be  accidental  and  must  have  a 
certain  significance.  Since  the  destruction  of  hydrogen  peroxid  is 
the  most  characteristic  property  of  catalase,  can  this  property  be  of 
physiological  value?  Is  there  any  production  of  hydrogen  peroxid  in 
the  living  cells,  and,  if  so,  is  the  destruction  of  this  product  of  advan- 
tage to  the  cells?  The  catalase  of  the  cells  would  energeticalh'  destroy 
any  trace  of  this  compound  immediately  after  its  formation  (see  also 

^  By  the  previous  extraction  with  water,  fatty  matter,  nucleo-proteids,  and  a  por- 
tion of  the  coloring  matter  could  not,  of  course,  be  removed. 
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p.  17.)  The  possibility  of  the  production  of  hydrogen  peroxid  in  the 
living  cells  while  the  energetic  oxidation  representing  the  respiration 
process  is  going  on,  can  not  be  denied;  it  is,  in  fact,  very  probable. 
Recent  investigations  have  shown  beyond  a  doubt  that  labil  hydrogen 
atoms  in  an  organic  compound  can  form  hydrogen  peroxid  on  coming 
into  contact  with  free  oxygen.  When  it  happens  that  the  main  organic 
complex  is  otherwise  not  readily  oxidized,  and  especially  is  not  easily 
changed  further  by  the  hydrogen  peroxid  formed,  the  amount  of  the 
latter  produced  can  be  determined  quantitatively.  Thus  it  can  be 
shown  that  this  amount  corresponds  to  the  amount  of  the  labil  hydrogen 
atoms  which  have  separated  from  the  organic  compound  to  t*ombine 
with  molecular  oxygen.  Such  a  compound  is  phenylhydroxylamine, 
studied  by  Eugen  Bamberger.^  It  has  a  relatively  stable  atomic 
structure,  the  two  unstable  atoms  being  the  two  hydrogen  atoms  in  the 
hydroxylamine  group,  which  are  inclined  to  combine  directly  with  one 
molecule  of  oxygen  when  exposed  to  the  air  in  aqueous  solution. 

CgHsNHOH       I  0=0         gives        C.H5NO     +  H— O-O— H 

■  *  >,  *  *  »  .  ^  > 

Phenylhydroxylamine.    Molecular  oxygen.  Nitrosobenzene.*    Hydrogen  peroxid. 

In  presence  of  sodium  hydrate  the  hydrogen  peroxid  formed  is  rap- 
idly consumed  again,  the  nitrosobenzene  being  tnereby  oxidized  to 
nitrobenzene.  Hence  the  primary  formation  of  hydrogen  peroxid  in 
this  latter  case  escapes  notice,  which  also  happens  in  numerous  other 
instances  of  autoxidation.  Cases  exist,  however,  where  even  in  pres- 
ence of  sodium  hj'drate  the  hydrogen  peroxid  remains  unchanged,  as 
shown  bv  W.  Manchot.^  Oxanthranol  dissolved  in  alkalies  forms  a 
red  solution  which  in  contact  with  air  is  rapidly  decolorized  and  sepa- 
rates white  anthraquinone,  while  at  the  same  time  hydrogen  peroxid 
is  produced. 

.CHOHv  /COv 

C.H/  >C,H,  -f  0=0  gives  C^n,<(      >C,H,  +  H-O-O-H 


Oxanthranol.  Anthraquinone. 

It  was  found  by  that  author  that  for  one  molecule  of  anthraquinone 
one  molecule  of  hydrogen  peroxid  was  produced,  which  confirms  the 
correctness  of  this  equation.  Quite  in  analogy  is  the  transformation 
of  dihydrophenanthrenquinone  to  phenanthrenquinone,  that  of  hydro- 
chrysoquinone  and  hydroretenquinone  to  their  respective  ketones,  and 
that  of  hydrazotriazol  to  azotriazol. 

*  Berichte  der  Deutechen  Chemischen  Gesellsohaft,  vol.  33,  p.  113  (1900). 

*The  nitrosobenzene  thus  primarily  formed  is  acted  upon  by  still  unchanged 
molecules  of  phenylhydroxylamine  and  forms  azoxybenzene.  Three  grams  of 
phenylhydroxylamine  in  40  cc.  water  yielded,  after  treatment  with  a  current  of  air  for 
seventy  hours,  2.5  grams  azoxybenzene  and  0.398  gram  hydrogen  peroxid,  which 
corresponds  to  92.5  per  cent  of  the  theoretical  yield. 

'Ueber  freiwillige  Oxydation,  Leipzig,  Veit  &  Co.,  1900. 
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Hence  the  view  of  Traube  that  nascent  hydrogen  atoms  can  reduce 
molecular  oxygen  to  hydrogen  peroxid  can  also  be  extended  to  labU 
hydrogen  atoms. 

The  transformation  of  molecular  oxygen  into  hydrogen  peroxid  is 
considered  as  an  activifying  of  oxygen.  In  analogy  with  the  fornia- 
tion  of  h^^drogen  peroxid  the  peroxids  of  organic  complexes  also  may 
be  formed  in  certain  processes  of  autoxidation,  as  Engler  ^  has  recently 
shown  for  pinen,  amylen,  hexylen,  styrol,  cyclopentadien,  and  dial- 
Wlether.  Benzaldehyde  yields  by  autoxidation,  according  to  Baeyer,* 
primarily  be nzo^'^lated  hydrogen  peroxid,  QHg — CO — O — O— H,  which 
easily  transfers  1  atom  of  oxygen  upon  another  molecule  of  benzalde- 
hyde, or  upon  some  other  easily^  oxidizable  material,  and  thereby 
becomes  benzoic  acid.  This  would,  however,  not  yet  justify  an 
attempt  to  extend  the  analogy  also  upon  the  oxidations  caused  by  the 
living  protoplasm,  since  it  would  involve  a  continuous  oxidation  of  the 
protoplasm  itself  and  lead  to  an  early  death  of  the  cells  before  recon- 
struction of  the  injured  parts  would  become  possible.  Nevertheless 
the  proteids  composing  the  living  matter  betray  an  aldehyde  nature 
by  the  toxicological  behavior  of  the  living  matter.' 

The  oxidations  in  the  living  protoplasm  have  often  been  ascribed  to 
an  activified  oxygen,  and  doubtless  many  chemists  would  feel  inclined 
to  assume  the  formation  of  hydrogen  peroxid  in  order  to  account  for 
oxidations  of  which  common  oxygen  seems  incapable.  But  it  must 
be  considered  that  the  great  labilit}'^  of  the  proteids  of  the  living  proto- 
plasm— in  other  words,  the  accumulation  of  kinetic  chemical  energy  in 
them — is  here  a  more  important  factor  than  the  natural  tendency  of 
common  oxygen  or  hydrogen  peroxid  to  cause  oxidation.  It  is  further 
a  fact  that  hydrogen  peroxid  can  not  be  utilized  by  the  living  proto- 
plasm as  an  oxidizer,  since  the  active  atomic  groups  in  the  proteids  of 
the  living  matter  would  be  oxidized  by  it  instead  of  the  thermogens 
stored  up  in  the  cells  for  combustion,  and  injury  or  death  would  result; 
indeed  the  highly  poisonous  character  of  hydrogen  peroxid  is  well 
known.*  Therefore,  since  the  oxidation  in  the  respiration  process 
would  take  a  detrimental  turn  if  hydrogen  peroxid  accumulated  as  a 
by-product,  the  r61e  of  the  catalase  may  possibly  be  explained.  It 
would  destroy  every  trace  of  this  poisonous  substance  as  quickly  as  it 
were  formed  and  would  thus  afford  an  important  protection.     The 

*  Berichte  der  Deutechen  Chemischen  Gesellschaft,  vol.  33,  p.  1103. 
«Ibid.,  p.  1582. 

•These  points  are  fully  discuflsed  in  chapter  12  of  the  treatise  of  the  writer,  Die 
chemische  Energie  der  lebenden  Zellen,  Munich,  1899,  E.  Wolff,  publisher. 

*  In  a  dilution  of  1:  200  hydrogen  peroxid  kills  cholera  bacilli  in  three  minutes;  of 
1: 15,000  it  impedes  development  of  typhoid  bacilli;  of  1: 10,000  it  kills  infusoria  in 
from  fifteen  to  thirty-six  minutes;  and  in  one  of  1: 1,000  algte  are  killed  in  a  short 
time.    Intravenous  injections  kill  mammals  by  stopping  respiration. 
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oxygen  set  free  by  this  destructive  operation  could  at  once  be  utilized 
again  for  the  continuance  of  the  respiration  process.* 

It  may  be  asked  what  function  the  catalase  performs  in  fermenting 
yeast  and  anaerobic  microbes,  since  in  these  there  is  no  normal  re^^pira- 
tion  process  and  hence  no  occasion  for  the  formation  of  hydrog-en 
peroxid  by  autoxidation.*    Catalase  must  then  have  still  another  func- 
tion, and  the  writer  is  inclined  to  assume  for  it  the  facultv  also  of 
loosening  chemical  affinities  in  certain  compounds  to  such  a  degree 
that  the  protoplasm  itself  can  more  easily   split   them,   or,    when 
oxygen  has  access,  can  more  eiisily  oxidize  them.     In  other  words, 
catalase  might  represent  an  aid  for  fermentative  jis  well  as  as  for 
respirative  phenomena.     In  the  case  of  the  yeast  it  ma}'  be  of  impor- 
tance for  the  action  of  Buchner's  zymase.     The  amount  of  catalase  in 
yeast  is  relatively  large  (see  p.  85),  and  the  expressed  juice  of  yea^t  is 
also  rich  in  it.     Catalase  may  also  be  capable  of  accomplishing  cer- 
tain reducing  processes,  since  platinum  black  can  also  induce  reduc- 
tions as  well  as  oxidations  (see  above,  p.  37).     An  enzym  with  a 
reducing  action  was  recently  observed  by  Abelous  and  G<?rard  in  the 
aqueous  extract  of  the  horse   kidney.     It  is  capable  of  reducing 
nitmtes  to  nitrites,  and  nitrobenzene  to  aniline.' 

Since  catalase  is  of  universal  occurrence  in  the  organized  world,  and 
is  capable  of  destroying  every  trace  of  hydrogen  peroxid  as  soon  as  it 
is  formed,  it  is  quite  impossible  that  the  latter  product  could  ever  be 
found  in  living  cells.  The  assertions,  therefore,  of  Clermont,  AVurster, 
Bach,  and  E.  Baumann  to  the  contrary  have  lost  every  trace  of  justi- 
fication. Direct  tests  by  Bokorny,  Pfeffer,  Cho,  and  others,  have 
proved  the  incorrectness  of  this  assumption.*  It  is  evident,  further, 
that  Reinke's  hypothesis  of  the  respiration  process,*  which  assumes 
the  formation  of  hydrogen  peroxid  as  a  necessary  intermediate  step 
to  enable  the  combustions  to  take  place  in  the  protoplasm,  must  be 
abandoned.     The  protoplasm  would  hardly  prepare  a  special  enzym 

*  Some  authors  go  so  far  as  to  astTil)e  the  entire  respiration  proce^ss  to  the  activity 
of  certain  enzyme.  This  view  is  certainly  incorrect;  otherwise  the  oxidations  char- 
acteristic of  the  respiration  process  should  continue  qualitatively  and  quantitatively, 
after  heating  cells  to  their  death  i>oint  (40°-50°C). 

*  Among  the  obligate  anaerobic  microbes  the  bacillus  of  blackleg  was  tested  and 
also  found  to  contain  catalase. 

*  Aca<l<§mie  des  Sciences,  meeting  of  December  11,  1899. 

*  It  mav  also  be  mentioned  that  Schoenbein's  assertion  of  the  occurrence  of  hvdro- 
gen  peroxid  in  the  violet  fluorspar  of  \yolsendorf  has  been  refuted,  since  the  writer 
demonstrated  long  ago  that  Schoenbein's  results  are  not  due  to  the  presence  of  that 
supposed  *'antozon,"  or  to  hydrogen  peroxid,  but  to  traces  of  free  fluorin,  prob- 
ably formed  by  the  gradual  dissociation  of  small  quantities  of  a  sujierfluorid  of 
cerium.  The  sentence  on  p.  113,  Vol.  XIII,  of  the  **  Handworterbuch  "  relating  to 
Schoenbein's  observations  should  therefore  be  corrected. 

^Botanische  Zeitung,  1883,  Nos.  5  and  6. 
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that  would  destroy  with  great  vigor  and  promptness  a  product  neces- 
sary for  its  respiration. 

The   protoplasm  represents  a  most  complicated  machine,  built  up 
of  easily  changeable  proteids.     This  easy  change  to  comparatively 
stable  forms,  in  the  process  of  dying,  implies  a  loss  of  the  labil  atomic 
groups  by  atomic  migration  in  the  molecules,  and  a  loss  of  kinetic 
chemical  energy.*    The  atoms  of  the  labil  groups  are  in  continuous 
motion,  representing  a  charge  with  kinetic  chemical  energy.     This 
energy  is  transferred  by  the  protoplasm  to  the  thermogens,  princi- 
pally sugar  and  fat  (lecithin),  which  at  the  ordinary  temperature  are 
not  at  all  disposed  to  oxidize  themselves  directly  on  contact  with  air. 
By  contact  with  the  living  protoplasm,  however,  they  become  capable 
of  thus  oxidizing  themselves,  since  the  protoplasm  imparts  to  their 
atoms  such  a  state  of  motion  that  their  affinities  are  loosened  and  they 
can  take  up  oxygen  from  the  air  without  the  oxygen  being  previously 
activified.     This  splitting  of  the  oxygen  molecules  and  the  combining 
of  the  oxygen  atoms  with  the  atoms  in  sugar  and  fat  proceeds  at  one 
and  the  same  moment;  but  at  the  same  time  certain  labilized  activified 
hydrogen  atoms  of  the  thermogens  can  combine  with  still  entire  mole- 
cules of  oxygen,  thus  forming  hydrogen  peroxid  as  a  by-product,  as 
previously  mentioned. 

The  heat  produced  by  the  combustion  of  the  thermogens  is  again 
turned  in  a  certain  measure  by  the  living  protoplasm  into  chemical 
energy,  since  the  heat  energy  instigates  the  atoms  of  the  labil  groups 
to  much  more  intense  oscillations  than  is  the  case  with  the  more  stable 
atoms.  The  easy  transformation  of  heat  energy  into  chemical  energy 
is  known.  The  former  represents  motions  of  molecules  and  atoms, 
the  latter  an  atomic  motion  which  consists  of  oscillations  of  a  greater 
amplitude  than  the  motions  induced  by  heat  energy.  This  can  be 
inferred  from  the  fact  that,  other  things  being  equal,  chemical  energy 
is  capable  of  loosening  affinities  in  molecules  much  more  readily  than 
heat  energy  can  at  a  moderate  temperature. 

When  the  thermogens  are  consumed  in  the  cell  without  a  fresh  sup- 
ply being  available,  the  labil  proteids  of  the  living  protoplasm  them- 
selves take  up  oxygen.  Thus  by  their  partial  oxidation  a  disturbance 
is  produced  which  may,  at  a  certain  stage,  lead  to  the  total  collapse  of 
the  protoplasm  with  a  loss  of  all  the  labil  groups.  This  is  the  death 
of  the  cells  by  starvation. 

When,  however,  thermogens  are  present  but  the  oxygen  is  with- 
held, the  activified  molecules  of  sugar  undergo  other  changes,  brought 
on  by  the  far-reaching  loosening  of  affinities,  and  laccic  acid,  alco- 
hol,  or   fat   result,   accompanied   b}-    a  simultaneous  production  of 
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This  energy  is  perceptible  as  heat  in  the  dying  of  the  muscular  tissues  of  animalB — 
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the  so-called  postmortem  rise  of  temperature. 
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carbonic  acid  from  destroyed  sugar  molecules.  This  process,  which 
in  most  cases  is  of  but  short  duration  and  is  teiTninated.  bv  the  early 
death  of  the  cells  by  suffocation,  is  known  under  the  name  of  ^*  intra- 
molecular respiration."  The  recent  important  observations  of  Eugen 
Bamberger  furnish  an  interesting  chemical  analogy  to  ordinary  and 
intramolecular  respiration.  He  found  that  >^-phenylhydroxylamine 
not  only  oxidizes  itself  readily  on  contact  with  air  and  induces  oxida- 
tion of  other  compounds,  as  indigo-carmine,  but  can  also,  in  the  pres- 
ence of  a  little  alkali  and  the  absence  of  air,  change  itself  to  aniline 
and  nitrosobenzene,  which  represents  on  the  one  side  a  reduction 
and  on  the  other  an  oxidation,  in  full  analogy  to  the  changes  in  intra- 
molecular respiration. 

The  development  of  oxygen  by  the  action  of  catalase  upon  hydrogen 
peroxid  recalls  another  instance  of  development  of  oxygen;  it  is  the 
assimilation  of  carbon.  Here  the  oxygen  developed  is  generally 
assumed  to  be  derived  directly  from  carbonic  acid,  as  expressed  by 
the  following  equation: 

0=C^Qj^    becomes        0=C.  u       -f  0, 


Carbonic  acid.  Formic  aldehyde.      Molecular  oxygen. 

An  ingenious  hypothesis  of  Erlenme^^er^  tries,  however,  to  explain 
this  separation  of  ox^^gen  by  a  previous  formation  of  hydrogen  per- 
oxid and  assumes  formic  acid  to  be  the  first  organic  product  of  the 
assimilation  process. 


/OH     H  /on 

^  +    I        beoomen    0=C 

\0H    On  \n 


0=C  +    I        beoomen    0=C  •       HO  — OH 

On 


Formic  ncid.      Hydroffon  f>en)xid. 

110— OH 

=  2H20^    O, 
HO— OH 

Since  the  formation  of  formic  acid  is  not  very  probable,  we  might 

substitute  the  following  eijuation  which  would  express  an  eventually 

direct  f omiation  of  formic  aldehyde,  which  by  condensation  may  yield 

sugar. 

XOH       HOH  /^H       H,  O, 

0=C  +  becomes  0=G        + 

\0H       HOH  \H       H^O, 

2H  A  =  2H2O  +  O.,. 

Pfeffer*  gives  the  following  declamtion  against  the  above  hypoth- 
esis: ''Erlenmeyer  supposed  that  formic  acid  and  hydrogen  peroxid 
are  formed  during  the  assimilation  of  carbon  dioxid — a  theory  which 
the  absence  of  hydrogen  peroxid  from  assimilating  plants  conclusively 
negatives."    The  undeniable  fact  that  all  reagents  fail  to  show  the 

^Beridite  der  DeutsclionCheniischen  GeFellschaft,  1877,  p.  634. 
"Phyj-iology  of  Plantt;,  Vol.  1,  j).  3o<)  (1900.) 
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presence  of  hydrogen  peroxid  in  the  cells  can  not,  however,  be  accepted 
by  a  critical  mind  as  a  proof  that  it  is  not  foiined  at  all,  since  it  would 
have  onl}'  an  ephemeral  existence.  B}"  its  rapid  decomposition  it 
would  give  rise  to  the  oxygen  developed  by  the  chlorophyll  bodies— a 
view  which  would  find  some  support  if  it  could  be  shown  that  the 
chlorophyll  bodies  are  very  rich  in  catalase. 

While  Pfeflfer's  objection  can  not  be  considered  a  serious  one,  some 
better-founded  chemical  objections  might  be  raised.  It  is  a  fact  that 
chemistry  does  not  show  a  single  instance  where  two  hydroxy  1  groups 
can  unite  to  form  hydrogen  peroxid.  Such  a  process  would  be  improb- 
able, although  not  impossible.* 

*Bruhl  (Ber.  d.  Deutschen  Chem.  Gee.,  vol.  33,  p.  1710)  maintains  that  hydrogen 
peroxid  can  not  be  a  simple  * '  bihydroxyl"  HO — OH,  but  that  the  formula  HO  =  OH 
would  correspond  better  with  its  behavior,  i*ince  it  is  free  of  electric  absorption  and 
shows  a  very  hiph  dielectric  coi^stant. 
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Wliitney,  chief  of  the  Division  of  Soils,  appeared  before  that  body  on  March  12, 
1901,  as  a  witness  in  regard  to  the  causes  of  the  exhaustion  and  abandonment  of 
soils.  Professor  Whitney,  in  his  testimony,  gives  in  considerable  detail  the  cause.s 
leading  to  the  abandonment  of  large  areas  of  land  in  the  New  England  and  Southern 
States  particularly,  and  in  the  far  West  incidentally,  toj?ether  with  many  valuable 
suggestions  for  the  reclamation  of  these  deteriorated  soils.  The  subject  is  of  con- 
siderable general  interest,  and  it  is  believed  that  the  republication  of  the  testimony, 
which  also  embraces  statements  relating  to  other  matters  allied  to  agriculture,  will 
serve  a  useful  purpose  and  enable  the  Department  to  meet  demands  for  the  informa- 
tion therein  contained,  upon  which  there  is  now  no  available  publication.  I  have 
the  honor,  therefore,  to  recommend  the  publication  of  the  testimony  as  Report  No.  70 
of  the  Department. 

Very  respectfully,  Geo.  Wm.  Hill, 

Editor. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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EXHAUSTION  AND  ABANDONMENT  OF  SOILS. 


IN 

At  the  meeting  of  the  United  States  Industrial  Commission  on  March 
12,  1901,  at  Washington,  D.  C,  Mr. 'Phillips  presiding.  Prof.  Milton 
Whitney,  chief  of  the  Division  of  Soils,  United  States  Department  of 
Agricultare,  was  introduced  as  a  witness,  and,  being  first  duly  sworn, 
testified  as  follows: 

Q.  (By  Mr.  Clabke.)  Will  you  please  give  your  name  and  post-office 
address,  and  also  state  your  official  position? — A.  Milton  Whitney, 
Takoma  Park,  D.  C.  1  am  chief  of  the  Division  of  Soils,  Department 
of  Agriculture. 

Q.  How  long  have  you  been  in  your  present  position  ? — A.  About 
six  yeara. 

Q.  Had  you,  before  coming  to  that  position,  been  engaged  in  studies 
like  those  you  now  pursue  ? — ^A.  Yes;  I  have  been  engaged  in  the  study 
of  soils  for  the  past  eighteen  years. 

Q.  In  how  many  States? — A.  I  began  in  Connecticut  at  the  Con- 
necticut Experiment  Station,  and  was  then  in  North  Carolina  as  super- 
intendent at  the  experiment  farm;  then  as  professor  of  agriculture  in 
the  University  of  South  Carolina;  then  as  professor  of  soil  physics  in 
the  Agricultural  College  of  Maryland. 

Q.  Of  what  State  are  you  a  native? — A.  Maryland. 

Q.  The  commission  will  be  pleased  to  have  you  proceed  in  your  own 
way  to  describe  the  character  of  your  work  in  the  Department  of  Agri- 
culture, and  especially  as  to  how  you  gather  the  soils  and  how  you 
make  your  experiments. — A.  My  understanding  was  that  the  main 
question  which  would  come  up  would  be  the  very  important  subject 
of  the  exhaustion  of  soils  and  abandonment  of  lands,  particularly 
with  reference  to  the  New  England  States  and  the  Southern  States, 
and  incidentally  the  abandonment  of  certain  lands  in  the  West;  to  see 
if  cause  or  causes  could  be  assigned,  and  if  there  were  any  suggestions 
for  remedial  measures. 

Q.  Proceed,  if  you  please,  in  your  own  way,  then,  to  develop  that 
I>articular  subject. — ^A.  It  is  doubtless  well  known  to  the  commission 
that  there  are  large  areas  of  land  in  the  New  England  States  that 
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have  been  abandoned;  that  there  are  large  areas  in  the  Southern 
States  that  have  also  been  practically  abandoned  and  given  over  to 
waste;  furthermore,  that  there  are  large  areas  in  the  far  West  which 
have  once  been  settled  and  which  have  since  been  abandoned  or  are 
now  held  in  very  low  esteem. 

CAUSES  OF  THE  ABANDONMENT  OF  SOILS. 

EXHAUSTION. 

The  cause  of  the  deterioration  of  the  lands  in  the  South  has  been 
commonly  ascribed  to  the  exhaustion  of  the  soil,  and  this  is  the  fii*st 
consideration  that  I  wish  to  take  up.  The  exhaustion  of  the  soil  is 
due,  in  my  opinion,  to  changes  in  the  chemical  and  physical  properties 
of  the  soil  rather  than  to  any  actual  extraction  of  plant  food. 

A  soil,  to  be  productive,  must  render  annually,  as  the  crop  needs  it, 
a  sufficient  amount  of  food  material  in  a  form  available  to  the  plants. 
As  a  matter  of  fact  soil  is  a  difficultly  soluble  substance,  composed 
mostly  of  silicates  and  aluminates,  or  difficultly  soluble  compounds  of 
silica,  alumina,  potash,  soda,  and  lime  in  various  forms.  Through 
atmospheric  agencies,  largely,  these  compounds  are  rendered  more  or 
less  soluble  and  more  or  Icvss  readily  available  to  plants. 

A  fertile  soil  is  one  in  which  the  weathering  effects  come  in  at  such 
times  and  to  such  an  extent  as  to  render  available  to  plants  a  sufficient 
amount  of  this  plant  food.  If  that  weathering  does  not  take  place  and 
the  food  material  is  not  brought  into  a  condition  in  which  it  is  avail- 
able to  the  plants,  the  land  is  as  poor  as  though  it  actually  contained 
no  plant  food. 

I  have  never  in  my  experience  seen  a  case  in  which  one  could  say 
with  any  degree  of  certainty  or  even  of  probability  that  exhaustion 
was  due  to  the  actual  removal  of  plant  food.  It  is  perfectly  safe  to 
say  that  the  condition  of  the  so-called  worn-out  soils  in  the  South  is 
due,  not  to  an  actual  extraction  of  plant  food,  but  to  the  chemical  con- 
dition in  which  it  now  is,  in  which  it  is  unavailable  to  plants,  and 
that  the  restoration  of  the  fertility  of  that  land  must  be,  not  neces- 
sarily in  the  addition  of  plant  food  to  the  soil,  but  in  bringing  about 
such  changes  in  the  ph^^sical  conditions  or  in  the  chemical  combina- 
tions as  will  encourage  that  natural  weathering  of  the  soil  which 
brings  the  plant  food  into  a  condition  in  which  the  plant  can  get  its 
support. 

To  emphasize  this  statement,  which  may  appear  at  variance  with  the 
general  ideas  concerning  the  exhaustion  of  soils,  I  would  call  the  com- 
mission's attention  to  the  manv  cases  in  which  soils  have  been  culti- 
vated  for  hundreds  and  thousands  of  years.  So  far  as  we  know,  within 
historic  times  thev  have  been  constantlv  cultivated,  and  cultivated  in 
the  same  crops.     We  have  the  case  of  the  soils  of  India,  which  tradi- 
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tions  say  have  been  cultivated  for  two  thousand  years,  under  primi- 
tive methods,  without  artificial  fertilizing,  and  which  still  give  fair 
returns  of  the  common  crops  of  the  country.  We  have  the  case  also 
in  Egypt  of  lands  which  have  been  cultivated  since  history  began  and 
where  the  soils  are  as  fertile  as  ever.  We  have  all  through  .the 
southern  countries  of  Europe,  and  still  later  in  the  countries  in  the 
north  of  Europe,  in  Holland,  in  Denmark,  in  France,  in  England, 
records  of  the  continuous  and  profitable  cultivation  of  soils  for  five 
hundred  years — away  back  to  the  time  when  history  first  opens  up  our 
knowledge  of  these  countries. 

There  is  one  phase,  however,  that  it  would  be  well  to  dilate  upon 
here,  namely,  that  with  our  increase  in  density  of  population  and  with 
the  competition  that  has  been  going  on,  we  are  no  longer  satisfied 
with  the  yields  that  are  naturally  obtained  from  many  of  our  soils, 
and  we  have  resorted  to  the  practice  of  fertilization  in  order  to  force 
plants  to  produce  far  beyond  what  the  natural  fertility  of  the  soil 
will  give. 

There  are  historic  experiments  that  have  been  going  on  in  England 
for  the  past  fifty  years  in  which  a  crop  of  wheat  has  been  grown  con- 
tinuously without  fertilization,  and  the  yield  has  steadily  fallen  from 
what  it  was  at  first  (I  forget  the  figure)  until  it  now  produces  about  12 
or  13  bushels  per  acre.  For  the  past  twenty  years  there  has  been  lit- 
tle or  no  difference  in  the  yield,  except  slight  fluctuations  due  to  sea- 
sonal conditions,  and  it  is  believed  that  the  yield  that  is  now  obtained 
measures  approximately  the  power  of  the  soil  to  produce  a  crop  under 
perfectly  natural  conditions.  It  will  produce  annually,  so  far  as  we 
know,  for  hundreds  of  years  12  or  13  bushels  per  acre. 

Q.  Are  you  able  to  state  whether  the  kernel  is  as  full  and  well  devel- 
oped now  as  it  was  in  the  earlier  conditions? — A.  So  far  as  we  know, 
the  grain  is  of  the  same  value,  pound  for  pound,  but  not  being  satis- 
fied with  a  yield  of  12  or  13  bushels  per  acre  they  have,  by  the  use  of 
fertilizers  and  manures,  increased  the  yield  on  adjacent  plots  to  an 
average  of  about  30  bushels  per  acre.  In  this  forcing  of  the  crop  they 
have  found  that  they  could  economically  increase  the  production  from 
that  soil.  The  first  we  would  call  the  natural  fertility  and  the  second 
the  acquired  fertility.  One  is  perfectly  justified  in  recognizing  these 
two  characteristics  in  the  production  of  the  soil:  What  it  will  naturally 
produce  through  a  course  of  years  under  the  natural  weathering  of 
the  material,  and  what  it  can  be  made  to  produce  by  the  artificial  appli- 
cation of  more  food  material  than  the  plant  can  secure  through  the 
natural  weathering.  If  the  natural  yield  from  a  soil  becomes  so  low 
as  to  make  it  unprofitable,  it  may  often  be  necessary  to  fertilize  in 
order  to  make  the  soil  productive. 
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DEVELOPMENT  OF  NEW  AREAS  AND  NEW   INDUSTRIES. 

The  second  cause  of  the  abandonment  of  soils  arises  from  the  devel- 
opment of  new  areas  and  new  industries.  There  is  no  question  that 
the  opening  up  of  the  western  country,  the  great  corn  and  wheat  pro- 
ducing States  of  the  central  West,  the  wheat  lands  of  California  and 
of  the  Red  River  Valley  of  Minnesota  and  Dakota,  has  had  a  great 
influence  upon  the  agriculture  of  New  England  and  all  our  Extern 
States  and  has  done  much  toward  bringing  about  the  conditions  that 
are  now  prevalent.     This  will  be  taken  up  more  in  detail  later. 

In  the  line  of  the  introduction  of  new  industries  I  would  cite  the  case 
of  tobacco:  Before  the  war  tobacco  was  grown  very  generally  in  the 
State  of  Maryland,  and  since  the  war  it  has  been  grown  extensively  Id 
the  southern  counties  only;  but  with  the  introduction  of  the  White 
Burley  tobacco  in  Ohio  and  Kentucky — which  produces  a  large  yield 
and  which  can  be  produced  with  profit  at  a  comparatively  low  price — 
the  tobacco  industry  in  Maryland  has  been  largely  given  up,  and  the 
effect  of  this  change  on  the  farmers  of  Maryland  has  been  very  disas- 
trous, because  tobacco  has  been  one  of  the  staple  products  of  that  por- 
tion of  the  State. 

Another  instance  that  I  should  cite  is  the  development  of  the  truck 
industry.  Fifteen  or  twenty  years  ago  the  truck  industry  was  in  a 
very  flourishing  condition  in  Maryland.  Truck  was  grown  very 
extensively  on  certain  classes  of  soil  which  were  not  adapted  to  other 
lines,  and  there  were  certain  localities  in  which  the  people  were 
extremely  prosperous.  But  with  the  development  of  transportation 
facilities,  with  the  opening  up  of  truck  areas  in  the  South,  in  South 
Carolina  and  in  Florida,  and  with  the  production  of  those  early  vege- 
tables which  could  be  rushed  up  to  the  Northern  markets  in  the  winter 
and  early  spring,  the  industry  has  languished  in  certain  localities  to 
such  an  extent  that  it  has  been  given  up.  That  is  the  cause  of  the 
abandonment  of  farms  in  certain  sections  of  the  Atlantic  coast  States. 

Q.  (By  Mr.  Kennedy.)  Are  you  going  to  discuss  the  question  of  irri- 
gation— whether  it  will  have  a  still  further  effect  to  cause  abandonment 
of  poorer  lands? — A.  I  will  speak  later  of  the  West,  but  I  will  bring 
this  in  at  this  time,  though  I  was  going  to  speak  of  that  pai'ticularly 
in  connection  with  the  New  England  States. 

Q.  You  had  better  take  your  own  order  probably. — A.  1  will  be  glad 
to  answer  any  particular  question  as  we  go  along,  though. 

ATTEMPTS  TO  GROW   CROPS  UN8UITED  TO   PARTICULAR  SOILS. 

Another  very  important  contributing  cause  to  the  abandonment  of 
lands  has  been  in  the  unfortunate  ventures  that  have  been  made  in 
bringing  a  people  from  a  distance  to  settle  a  region  with  which  they 
are  unfamiliar,  and  to  grow  crops  with  which  they  are  themselves 
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acquainted  in  the  localities  from  which  they  come,  but  which  they  have 
DO  appi*eciation  of  as  adapted  to  the  localities  into  which  they  are 
going.  The  Department  of  Agriculture  is  constantlj'  in  receipt  of 
requests  for  information  as  to  where  certain  settlements  of  people 
could  be  made — people  who  are  to  be  brought  in  to  grow  alfalfa,  to 
grow  stock,  to  grow  tobacco,  or  other  crops.  And  very  frequently 
the  utmost  ignorance  is  shown  as  to  the  localities  which  are  to  be 
selected  and  as  to  the  conditions  into  which  they  are  going. 

There  have  been  many  instances  of  failure  from  these  causes  alone 
in  the  States  of  Maryland,  Virginia,  Pennsylvania,  and  in  fact  through- 
out the  country. 

One  instance  I  would  speak  of  particularly  that  has  come  to  my  per- 
sonal attention  is  a  settlement  in  one  of  the  Western  States.  A  large 
area  of  land  was  taken  up  and  put  under  irrigation.  Agents  were  sent 
from  this  country  abroad  to  attract  immigration.  People  were  brought 
from  Switzerland,  from  France,  from  Germany,  and  an  extensive  plan 
of  development  was  outlined.  They  were  to  introduce  the  European 
grapes;  they  were  to  introduce  and  develop  the  sugar-beet  industry; 
they  were  to  take  up  all  kinds  of  fruits  that  had  been  successful  in 
their  own  districts;  they  were  to  grow  truck  crops,  and  they  were  to 
develop  large  grain  and  cattle  interests.  But  the  plans  completely 
failed,  as  their  soils  and  their  water  and  their  climate  were  not  fit  for 
the  industries  that  they  started.  After  a  most  disastrous  and  expensive 
experience  they  have  lost  their  crops;  they  have  found  that  fruit  will 
not  grow;  that  the  gmpe  is  not  suited  to  the  conditions  there.  They 
have  lost  their  money,  and  they  have  come  to  a  realization  of  the  fact 
that  the  country  and  the  conditions  are  adapted  simply  to  gmzing; 
that  if  they  grow  alfalfa  and  stock  they  can  do  well,  but  they  can  not 
do  well  with  their  fruits  and  with  their  sugar  beets,  because  the  con- 
ditions there  are  not  adapted  to  those  crops. 

Q.  Would  you  state  what  the  location  is? — A.  It  is  an  area  in  New 
Mexico  that  I  am  referring  to.  It  is  an  experience  in  the  Pecos  Val- 
ley. The  principal  reason  for  the  failure  in  that  case  is  due  to  the 
condition  of  the  irrigation  water.  It  is  very  alkaline,  which  these 
people  did  not  know  when  they  went  into  that  region.  Their  failure 
was  also  due  to  their  unfamiliarity  with  the  conditions  in  that  locality, 
and  their  attempt  to  grow  something  that  they  had  grown  in  Switzer- 
land or  in  Holland  under  conditions  which  were  entirely  different.  .  In 
this  arid  region,  where  they  have  to  use  water  to  produce  any  crop,  the 
only  available  water  has  been  found  to  be  unfit  at  times  for  irrigation. 
This  is  a  cause  of  the  abandonment  of  large  areas  of  land,  not  only  in 
New  Mexico  but  in  other  portions  of  the  West. 
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UNFAVORABLK    CLIMATKl   CONDITIONS. 

Another  contributing  cause  of  the  abandonment  of  lands  has  been  in 
the  selection  of  localities  in  which  there  are  unfavorable  climatic  con- 
ditions.    The  commission  is  doubtless  aware  of  the  conditions  in  Kan- 
sas and  in  portions  of  Nebi-aska  and  of  Colorado — how,  during-  the 
boom  times  of  fifteen  or  twenty  years  ago  the  country  was  settled, 
towns  were  established,  and  farms  were  obtained  with  the  idea  that 
fortunes  could  he  made  on  the  agricultural  products  of  the  country- 
Cotton  mills  were  put  up  out  in  the  semiarid  regions,  and  are  still  stand- 
ing as  monuments  to  the  unfortunate  schemes  and  ventures  that  were 
devised. 

Q.  (By  Mr.  Clarke.)  Could  you  state  what  the  cause  of  failure  was 
in  that  section^— A.  Yes;  1  will  come  to  that. 

Q.  (By  Mr.  Kennedy.)  You  do  not  mean  cotton  mills  in  Kansas  and 
Ne})raska? — A.  Yes;  there  are  abandoned  cotton  mills  in  Kansas  and 
Nebraska. 

Mr.  Tompkins.  There  is  one  at  Kearney,  1  think. 

The  Witness.  In  explanation  of  the  conditions  just  stated,  it  may 
he  observed  that  the  semiarid  region  of  the  country  extends  generally 
from  the  one  hundredth  meridian  to  the  foot  of  the  Rocky  Mountains, 
and  embraces  in  my  definition  such  areas  as  have  from  16  to  20  inches 
of  rainfall  per  year,  l)ut  so  distributed  that  only  occasionally  are  the 
seasonal  conditions  favorable  for  crops.  When  they  have  a  favorable 
season,  or  two  in  succession,  as  they  frequently  do,  they  get  fine 
yi(»lds  and  make  good  returns,  but  in  three  yeiirs  out  of  five^  when 
thov  have  their  disastrous  droughts  and  get  nothing,  the  profits  of  the 
two  successful  years  are  entirely  used  up. 

With  less  than  15  inches  of  annual  rainfall  lands  are  seldom  or  never 
successfull}'^  cultivated,  so  far  as  I  know,  except  in  certain  areas  in 
Washington  and  California.  With  20  inches  of  rainfall  (that  is  half 
what  we  have  in  the  East),  provided  it  is  fairly  well  distributed,  good 
crops  can  be  grown  in  the  semiarid  regions;  but  it  is  the  uncertainty 
of  the  seasons  which  renders  farming  unprofitable.  It  is  the  uncer- 
tiiin  and  uneciual  distribution  of  the  rainfall  that  has  caused  so  many 
disasters  and  has  been  the  reason  of  the  abandonment  of  so  many  farms. 

It  is  perhaps  one  of  the  most  serious  problems,  that  of  the  semiarid 
regions,  that  we  have  in  the  agriculture  of  this  country  at  the  present 
time.  In  the  far  West  such  conditions  can  be  overcome  where  irriga- 
tion is  practi(»able,  but  so  far  as  known  there  is  no  bright  future  for 
irrigation  in  nmcli  of  the  semiarid  regions  of  the  country.  In  Kansas 
there  were  in  1889  only  20,000  acres  of  land  under  irrigation.  In 
North  Dakotii,  South  Dakotti,  Nebraska,  Kansas,  and  Texas  there  were 
only  (>7,0()0  acres  of  land  under  irrigation  in  that  year,  and  the  possi- 
bilities of  getting  water  are  small  in  comparison  with  the  vast  areas 
that  would  need  to  be  watered  to  be  pernuincintly  and  safely  productive. 
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Another  cause  that  has  contributed  to  the  abandonment  of  lands  in 
the  semiarid  regions  has  been  the  deterioration  of  the  ranges  and  the 
consequent  injury  to  the  cattle  industry.  A  division  of  the  Depart- 
ment of  Agriculture  is  actually  giving  its  attention  to  the  investigation 
of  the  i-ange  problem  and  the  possibilities  of  conserving  and  maintain- 
ing* the  ranges,  and  this  being  the  case,  it  would  hardly  be  proper  for 
me  to  discuss  this  subject  at  greater  length  here.  It  seems  to  me, 
ho^vever,  that  it  will  be  necessary  and  wise  to  adopt  some  legislation  to 
protect  the  ranges  in  the  West,  and  to  prevent  the  terrible  destruction 
of  property  which  is  going  on  through  close  grazing,  against  which 
there  is  no  restriction  in  many  of  the  areas  of  the  West.  It  seems  to 
me  that  this  is  a  problem  for  legislation,  as  it  is  at  present  too  difficult 
for  the  agriculturist  to  deal  with  and  much  of  it  occurs  upon  the  pub- 
lic domain.  Where  range  lands  are  rented  for  5  cents  an  acre  little 
expense  can  be  put  upon  them  for  improvement.  There  is  little  chance 
at  present  to  make  any  improvement  in  the  agricultural  conditions 
where  land  is  so  cheaply  rented,  so  cheaply  purchased,  and  so  care- 
less! v  used. 

Another  example  of  unfavorable  climatic  conditions  may  be  cited  in 
the  Connecticut  Valley,  right  here  in  our  Eastern  States.  With  a 
i-ainfall  of  about  40  or  50  inches,  we  have  soils  that  have  been 
abandoned  from  the  same  unfavorable  climatic  conditions — a  defi- 
ciency of  rainfall — as  prevail  in  the  semiarid  regions  of  the  West. 
1  refer  particularly  to  the  Windsor  sand,  which  occasionally  produces 
a  ver}'  fine  crop  of  tobacco,  but  the  soil  is  so  coarse  and  leachy  that  it 
is  only  about  two  years  out  of  five  that  the  conditions  are  favorable. 
In  the  favorable  years  they  get  good  yields  and  the  farmers  are  very 
prosperous  and  contented;  in  the  other  three  years  out  of  five,  as  in 
the  West,  the  soils  dry  out  and  are  subject  to  such  disastrous  droughts 
that  the}^  are  entirely  unproductive.  The  expectation  of  getting  a 
crop  even  two  years  out  of  five  has  induced  many  farmers  to  hold  on 
until  finall}'  there  have  been  successive  seasons  of  failure,  and  they 
have  had  to  give  up.  Under  conditions  of  well-distributed  rainfall  the 
soil  produces,  as  does  the  semiarid  land  in  the  West,  but  it  is  a  desert 
for  three  years  out  of  five. 

Q.  (By  Mr.  Phillips.)  About  how  extensive  is  that  area? — A.  The 
area  in  the  Connecticut  Valley  is  not  large,  but  along  the  Atlantic 
seaboard,  in  the  aggregate,  it  covers  a  large  area.  These  coarse, 
sandy  soils  are  found  from  the  New  England  States  all  the  way  along 
the  Atlantic  seaboard  and  around  the  Gulf,  and  many  farms  have  been 
abandoned  on  these  areas  simply  because  of  the  unfavorable  climatic 
conditions  for  these  particular  soils  when  other  soils  surrounding 
them  are  favored  bv  the  same  conditions. 

1  would  cite  also  another  instance  to  show  the  effect  of  unfavorable 
climatic  conditions  on  the  abandonment  of  soils,  namely,  the  orange 
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industry  in  Florida,  where  they  have  grown  oranges  with  great  success 
for  yeai's  and  where  the  industry  has  flourished  in  the  most  promising 
way  until  a  season  of  frost  and  freezes  that  has  thrown  back  the 
industry'  for  years  and  has  ruined  a  large  number  of  people.  This 
is  a  contributing  cause  to  the  abandonment  of  lands,  which  can  not  be 
overlooked  in  the  consideration  of  the  subject. 

SCARCITY  OF  \VATEB  IN   DESERT  COUNTBY. 

Another  cause  for  the  abandonment  of  lands  is  found  in  the  scr.rcity 
of  water  in  our  desert  countries.  The  public  lands  of  the  arid  States 
amount  to  560,000,000  acres.  Only  3,600,000  aci*es  were  irrigated  in 
those  States  in  1889  and  only  74,000,000  acres  are  capable  of  being  irri- 
gated, according  to  the  most  careful  estimates  of  the  Geological  Survey. 
We  have,  then,  the  difference  between  the  possibilities  of  74,000,000 
acres  and  the  actual  extent  of  560,000,000  acres,  which  are  used  to 
some  extent  for  grazing  lands,  and  upon  which  living  is,  at  the  most, 
extremely  precarious.  Many  areas  have  been  abandoned  which  have 
once  been  settled,  simply  because  of  the  extreme  scarcity  of  water  and 
the  impossibility  of  producing  agricultural  crops  or  promoting  agri- 
cultural interests. 

ALKALI  AND  SEEPAGE   WATER. 

Another  important  cause  of  the  abandonment  of  lands  is  found  in 
the  alkali  and  seepage  waters  of  the  West. 

1  would  call  the  attention  of  the  commission  to  some  work  the 
Department  is  doing  in  Salt  Lake  County,  Utah.  This  was  one  of  the 
earliest  settlements  where  irrigation  was  tried  in  our  modern  civiliza- 
tion of  this  country.  When  the  Mormons  first  settled  the  place  they 
naturally  took  up  the  richest  bottom  soils  along  the  Jordan  River. 
The  soils  were  naturally  filled  with  salts,  but  with  the  drainage  that 
was  started  and  from  the  character  of  the  soils  themselves  the  salts 
were  quickly  removed  and  the  lands  were  in  splendid  condition  for 
agricultural  use. 

In  the  further  settlement  of  the  country,  in  the  increase  in  the 
density  of  population,  as  the  settlers  moved  up  on  the  high  lands  and 
the  water  applied  at  higher  elevations,  the  seepage  of  water  from  the 
canals  accumulated  in  the  low  places  and  brought  with  it  the  salts, 
which  accumulated  to  such  an  extent  in  the  low  places  that  the  first 
lands,  the  most  fertile  lands  of  the  valley,  were  rendered  entirely 
unfit  for  cultivation.  They  were  wet  and  swampy,  and  they  were 
filled  with  alkali,  and  the  history  of  this  once  prosperous  commu- 
nity has  been  that  the  people  are  moving  up  onto  the  bench  land,  and 
are  abandoning  soils  which  were  once  the  most  productive  in  the 
State. 

In  the  area  which  we  surveyed  in  Salt  Lake  County,  between  the 
Jordan  River  and  the  Great  Salt  Lake,  about  50  square  miles  of  land 
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has  been  successfully  cultivated  under  irrigation.  Of  this,  10  square 
miles,  or  nearly  one-fifth  of  the  whole  area,  has  been  ruined  and  has 
been  abandoned  as  worthless  and  useless,  and  the  injury  is  progress- 
ing. Lands  are  constantly  being  turned  out  which  have  been  swamped 
"with  seepage  waters  and  which  have  been  filled  with  alkali. 

This  is  one  of  the  most  interesting  and  most  important  problems  of 
the  West,  and  one  which  1  should  like  particularly  to  bring  to  the 
attention  of  the  commission,  because  it  seems  to  me  that  something 
TvlU  have  to  be  done,  through  either  State  or  national  legislation,  to 
stop  the  injury  that  is  going  on. 

Q.  Have  you  any  theory  as  to  how  to  stop  it? — A.  I  will  go  on  to 
state  that.  The  conditions  may  be  briefly  stated  thus:  The  canal  com- 
pany, whether  organized  by  the  farmers  or  organized  with  independent 
capital,  constructs  a  canal  and  maintains  a  certain  level  or  uniform 
grade,  going  through  all  kinds  of  soils  which  it  may  be  necessary  to  go 
through  in  the  construction  of  its  canal.  It  happens  in  the  Salt  Lake 
Valley,  as  in  many  other  localities  that  we  have  studied,  that  this  canal 
goes  for  several  miles  through  a  gravelly  soil,  in  which  there  is  a  great 
denl  of  seepage  and  loss  of  water.  The  water  is  plentiful  and  of  good 
quality,  so  the  canal  companies  are  not  concerned  with  the  loss.  They 
have  a  bounteous  supply  from  the  Utah  lake,  and  they  are  getting 
good  water,  free  from  alkali.  But  the  water  in  seeping  out  through 
this  gravelly  area  is  slowly  filtering  through  the  soil,  carrying  with  it 
a  relatively  large  quantity  of  salts,  which  are  in  all  arid  soils,  and  are 
concentrating  the  salts  in  the  lower  lands  and  are  filling  up  the  low- 
lands with  water,  until,  as  a  matter  of  fact,  there  is  a  string  of  lakes 
out  in  what  was  once  an  arid,  desert  country — artificial  lakes  on  what 
were  later  fertile  and  well-cultivated  soils,  and  which  are  now  aban- 
doned lands  and  tule  swamps. 

It  seems  to  me  that  the  farmers  situated  on  those  lower  levels  should 
have  recourse,  through  civil  suits,  to  damages,  and  the  canal  companies 
maintaining  canals  under  such  conditions  should  either  be  compelled  to 
protect  their  canals  from  seepage  or  to  pay  damages  to  the  farmers 
whose  lands  are  ruined. 

These  conditions  are  exceedingly  pernicious.  If  you  have  a  soil 
under  the  most  careful  methods  of  cultivation,  farmed  with  the  most 
expensive  varieties  of  fruit  or  other  farm  products,  taking  the  utmost 
care,  giving  the  greatest  attention  to  all  methods  of  growth  so  far  as 
your  experience  and  your  skill  or  the  knowledge  of  your  experts  will 
indicate,  it  is  ceilainly  most  exasperating  to  have  the  land  swamped 
and  filled  with  alkali  from  a  leaking  ditch  situated  perhaps  3  or  4  miles 
away,  and  over  which  you  have  no  possible  control.  It  is  an  exceed- 
ingly pernicious  thing,  for  which  some  recourse  should  be  had  in  dam- 
ages. But,  so  far  as  I  know,  there  is  nothing  to  stop  it.  The  lands 
are  going  to  waste,  and  one-fifth  of  the  irrigated  lands  of  that  district 


12  EXHAUSTION    AND    ABANDONMENT   OF   SOILS. 

alone  have  been  abandoned  from  this  cause — a  cause  which  could  have 
been  provided  against.  These  lands  could  have  been  protected  and 
these  farms  could  have  been  saved. 

Another  instance  that  I  would  cite  in  connection  with  this  district 
is  the  extensive  area  that  is  situated  just  west  of  Salt  Lake  City  and 
extending  over  to  the  Gi*eat  Salt  Lake.  There  is  an  area  of  about 
90,000  acres,  and  it  comes  close  up  to  the  Jordan  River  and  extends 
across  to  the  Salt  Lake.  The  land  is  filled  with  alkali,  but  it  is  not 
always  apparent  on  the  surface.  Frequently  the  surface  looks  like  a 
fertile,  easily  cultivated  loam,  and  many  attempts  have  been  made  to 
settle  the  country.  Many  farms  have  been  laid  out,  canals  have  been 
constructed,  water  has  been  let  onto  the  places,  town  sites  have  been 
located,  railroads  have  been  projected  and  built,  and  with  the  first 
application  of  water  good  crops  have  been  produced;  with  the  second, 
a  failure.  With  the  third  application  the  land  has  become  so  salty 
that  it  is  abandoned  as  a  waste  and  desert  land.  Thousands  of  dollars 
have  been  invested  in  the  settlement  of  that  tract,  and  thousands  and 
thousands  of  dollars  have  been  lost  in  the  fruitless  effort  to  build  up 
an  agricultui*al  industry  in  that  area,  and  this  is  the  cause  of  the 
abandonment  of  these  soils — because  of  the  occurrence  of  alkali  not 
always  seen  from  the  surface,  but  always  lying  in  the  lower  depths 
of  the  soil  ready  to  come  up  at  the  first  application  of  water.  It  will 
be  interesting  to  state  that  the  result  of  our  soil  survey  convinced  us 
that  it  was  perfectly  feasible  to  reclaim  these  lands.  There  is  sufli- 
cient  fall  to  put  in  a  drainage  system.  The  soils  are  naturally  easily 
worked.  The  expense  would  be  no  greater  than  the  drainage  of  lands 
in  Ohio  and  Illinois,  and  the  profit  that  would  be  realized  from  the 
reclamation  of  the  60,000  acres  of  land  situated  on  that  ti'act  would 
amount,  in  our  opinion,  to  about  $3,000,000  in  property  valuation. 
Now,  a  very  singular  thing  has  arisen  in  regard  to  that  section,  that 
while  the  people  seem  to  realize  that  drainage  may  reclaim  the  lands, 
yet  they  seem  to  be  averse  to  havmg  the  drainage  work  done,  and  the 
people  who  have  desired  to  follow  our  advice  have  been  unable,  in 
ceitain  cases  at  any  rate,  to  do  so  from  the  objection  of  their  neigh- 
bors. There  are  no  drainage  laws,  as  there  are  in  Illinois  and  others 
of  our  our  Middle  States,  and  the  er  .erprise  is  stopped  right  here  by 
the  inabilit}'  to  have  any  recourse  to  State  laws,  and  by  the  unwilling- 
ness of  the  people  to  give  access  to  the  drainage  canals  through 
their  places.  This  is  a  matter  that  I  shall  refer  to  later  in  my  remarks 
upon  drainage. 

Q.  (By  Mr.  Kennedy.)  Where  does  the  water  for  irrigation  come 
from — is  it  mountain  drainage? — A.  The  water  is  from  the  mountain 
streams,  fed  in  this  case  into  Utah  Lake,  which  is  a  fresh -water  lake, 
and  is  taken  out  of  the  Jordan  River. 

Q.  (By  Mr.  Farquhar.)  What  is  the  elevatioii  lietweon  the  Great 
Salt  Lake  and  the  river? — A.  Twelve  feet  between  the  level  of  the 
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riv<^^  at  Salt  Lake  City  and  the  lake,  but  there  is  a  ridge  going  through 
the  district  that  gives  about  2  feet  per  mile  of  fall  on  either  side,  and 
in  addition  to  that  there  are  extensive  washes  that  extend  up  through 
the  land  that  would  form  natural  outlets  to  the  drainage  system. 
They  run  up  for  8  or  10  miles  into  the  country. 

Q.  (By  Mr.  Kennedy.)  Is  the  recession  of  the  waters  of  the  Great 
Salt  Lake  having  any  effect  on  the  soils  and  climate  of  Utah? — A.  It 
is  Laving  a  gi'eat  eflPect  upon  the  soils.  The  level  of  the  Great  Salt 
Liake  has  fallen  14  feet  since  1865,  and  in  our  survey  this  year  of  the 
area  around  Ogden  we  mapped  in  60,000  acres — about  10  square  miles 
area — where  the  lake  had  receded,  and  we  established  the  shore  line 
of  the  lake  in  some  places  9  miles  beyond  where  the  former  survey 
had  placed  it. 

Q.  (By  Mr.  Phillips.)  What  is  the  cause  of  the  fall  of  that  lake,  in 
your  judgment? — A.  There  is  an  annual  fluctuation  that  has  never  been 
explained,  and  there  are  periodical  fluctuations  that  have  never  been 
explained.  The  level  has  been  known  to  vary  from  period  to  period 
for  reasons  that  are  not  at  present  known,  but  in  addition  to  that  the 
withdrawal  of  a  large  amount  of  water  that  is  being  used  now  for  the 
irrigation  of  the  surrounding  lands,  which  does  not  go  into  the  lake 
as  formerly,  is  certainly  a  very  large  contributing  cause  to  the  lower- 
ing of  the  present  surface. 

Q.  You  spoke  in  regard  to  canals  through  the  sandy  soil  portion, 
saying  there  ought  to  be  something  done  to  remedy  the  evil.  Have  you 
any  theory  ?  Could  the  water  be  carried  through  pipes  and  thus  pre- 
vent seeping  through  the  soil? — A.  I  would  state  that  in  California, 
where  water  is  more  valuable,  where  the  companies  themselves  are 
financially  interested  in  how  much  water  they  sell,  it  is  very  common 
to  protect  canals  from  loss  by  seepage  by  running  through  wooden 
troughs  or  through  wooden  pipes,  or  as  is  frequently  done  where  the 
water  is  carried  through  sandy  areas,  by  cementing  the  sides  and  the 
bottoms  of  ditches.  We  have  photographs  (I  wish  1  had  brought  them 
with  me)  of  large-sized  canals  and  laterals,  constructed  in  California, 
with  tb'^  sides  and  bottoms  cemented. 

Q.  That  would  be  entirely  practicable — to  prevent  seepage  and  thus 
prevent  the  destruction  of  lands  below? — A.  It  is  entirely  practicable. 
In  many  cases  simply  the  puddling  of  the  canal  would  be  sufiicient, 
but  where  seepage  causes  injury  by  alkaline  deposits,  in  my  opinion, 
it  should  be  stopped,  and  the  companies  should  be  required  to  protect 
their  canals  from  undue  loss. 

FLOODING   AND  INUNDATION  BY   STORMS  AND  TIDES. 

Another  cause  of  the  abandonment  of  land  is  flooding  and  occasional 
inundations  by  storms  and  tides.  The  commission,  of  course,  is  well 
aware  of  the  enormous  losses  from  floods  in  the  Mississippi  Valley,  and 
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from  the  recent  floods  in  Texas.     This  is  a  matter  of  such  common 
knowledge  that  it  hardly  seems  necessary  for  me  to  dwell  upon  it  as 
one  of  the  impoi*tant  causes  of  the  abandonment  of  soils,  where  the 
conditions  are  so  unsafe  that  settlers  can  no  longer  risk  their  lives  or 
their  crops.     But  I  would  call  your  attention  also  to  the  vast  extent  of 
the  tide  marshes  and  inland  swamps  of  the  United  States.     This  ques- 
tion of  the  tide  marshes  has  recently  been  brought  to  the  attention  of 
the  Department  of  Agriculture  from  its  economic  importance  in  the 
New  England  States.     It  is  estimated  there  are  168,000  acres  of  tide 
marshes  along  the  Atlantic  and  the  Gulf  coast;  and  on  the  Pacific  coast 
it  IS  estimated  that  there  are  several  million  acres  of  tide  marshes. 
These  lands,  if  protected  from  the  tide  and  drained,  would  be  of  value 
in  agriculture.     Some  of  the  inland  swamps  of  Illinois  which  were 
selling  onginally  at  |1  to  $5  an  acre  have  a  vahie  now  from  $60  to 
$100  an  acre.     It  is  estimated  that  one-fifth  of  the  area  of  Michigan  is 
swamp  land,  which,  if  drained  and  reclaimed,  would  be  of  great  value 
for  celery  and  corn  and  potato  crops.     The  tide  marshes  have  also  an 
indirect  effect  upon  the  values  of  adjacent  lands,  because  of  the  preva- 
lence of  disease  and  the  prevalence  of  mosquitoes.     I  would  not  say 
tide  marshes  only,  but  all  marshes.     The  commission,  of  course,  is 
aware  of  the  commonly  accepted  views  now  that  malaria  is  conveyed 
by  mosquitoes,  and  the  Department  of  Agriculture  has  been  applied  to 
recently  from  many  sources  to  suggest  means  of  reclaiming  the  tide 
mai*8hes  and  the  inland  swamps  of  the  United  States,  partly  for  their 
agricultural  value  and  partly  for  the  increase  of  the  healthfulness  of 
the  surrounding  land.     There  are  man}'^  cases  where  areas  and  indus- 
tries have  been  abandoned  from  the  unhealthf ulness  of  the  neighbor- 
ing marsh  lands.     I  do  not  know  that  there  is  any  cause  that  has  con- 
tributed so  much  to  the  discomfort  of  manv  of  the  Atlantic  coast  States 
immediately  upon  the  water,  which  would  otherwise  be  a  delightful 
location  and  a  fine  farming  land,  as  the  prevalence  of  malaria  and  simi- 
lar diseases.    That  these  causes  have  pi'evented  to  a  large  extent  the 
settlement  of  some  of  our  Southern  States  and  have  been  the  cause  of 
abandonment  of  some  others  of  our  lands  is  unquestionably  true.     The 
prevalence  of  malaria  and  these  malignant  fevers  near  swamp  lands  of 
the  South,  the  unhealthf  ulness  which  almost  prevents  the  residence  of 
white  persons,  is  a  matter  that  calls  for  very  great  and  grave  consid- 
eration, and  it  is  one  that  the  States,  at  least,  it  seems  to  me,  might 
well  consider. 

An  instance  that  I  would  cite  as  to  the  effect  of  inundation  and  floods 
as  a  cause  of  the  abandonment  of  soils  is  in  the  rice  lands  of  South 
Carolina.  These  lands  before  the  war  were  protected  by  substantial 
levees  that  were  built  through  cooperation  between  the  individual  and 
the  State  and  maintained  as  a  protection  against  the  flooding  of  the 
fertile  swamp  lands  by  floods  or  by  tides.     During  the  period  of  the 
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civil  war  these  levees  were  destroyed,  the  lands  were  for  a  time  aban- 
doned, ftnd  since  that  time  it  has  been  impossible  to  get  labor  to  work 
in  the  canals,  and  it  has  been  expensive  to  construct  the  levees,  and 
large  areas  of  this  once  fertile  and  extremely  productive  soil  have 
been  abandoned  from  this  cause. 

Q.  (By  Mr.  Clarke.)  Why  has  it  been  impossible  to  get  labor  to 
reclaim  this  land — on  account  of  unheal thfulness  of  the  climate? — A. 
On  account  of  unhealthfulness  and  the  unwillingness  of  labor  to  work 
under  conditions  they  have  to  in  the  swamp  lands.  In  a  way  it  would 
seem  that  machinery  could  be  introduced,  dredges;  but  so  far  as  I 
know  this  has  not  been  done  on  any  extensive  scale. 

'  Q.  Have  you  given  attention  to  the  development  of  rice  growing  in 
southwestern  Louisiana  ? — A.  Yes.  The  conditions  there  are  that  these 
lands,  which  were  semis wamps,  have  been  di*ained  where  necessary, 
and  they  are  not  subject  to  overflow,  as  the  rice  lands  of  South  Caro- 
lina are.  The  Louisiana  lands  are  higher,  but  still  they  are  swamp 
lands,  and  the  irrigation  that  is  given  to  these  lands  is  done  by  pump- 
ing or  by  artesian  flow,  usually  by  pumping,  whereas  the  irrigation  of 
the  rice  lands  of  South  Carolina  is  from  the  rivers,  and  is  without  any 
pumping  or  artificial  means,  either  for  irrigation  or  for  drainage. 

Q.  It  is  in  evident3e  before  the  commission  that  the  Louisiana  rice 
region  is  ver}"  healthful. — A.  That  region  is  much  more  healthful 
than  the  South  Carolina  rice  lands. 

LABOR  AND  EXPENSE  OF  MAINTAINING   PROPER  PHYSICAL  CX)NDITION. 

Another  cause  of  the  abandonment  of  lands,  at  least  a  contributing 
cause,  is  the  expense  of  maintaining  the  proper  phy^cal  conditions. 
The  trouble  ai^d  expense  of  clearing  the  stones  off  the  New  England 
fields  have  been  so  great  and  so  laborious  that  they  have  had  some- 
thing, at  least,  to  do  with  the  abandonment  of  lands  in  that  locality. 
The  simple  expense  and  labor  involved  in  getting  the  fields  into  con- 
dition and  maintaining  them  in  condition  to  cultivate  in  competition 
with  the  large  areas  of  the  fertile  Western  plains  have  been  so  great 
that  they  have  unquestionably  been  a  contributing  cause  to  the  aban- 
donment of  the  soils.  And  the  labor  and  expense  and  risk  in  main- 
taining the  proper  conditions  of  the  rice  lands  of  South  Carolina, 
which  I  will  refer  to  again,  have  been  so  great  that  there  also  these 
factors  have  operated  against  the  continuance  of  the  culture  of  the 
lands,  and  have  been  an  insurmountable  obstacle  to  the  reclamation 
of  what  were  once  fertile  and  well-cultivated  soils. 

TRANSPORTATION    CONDITIONS. 

I  would  mention  also  the  effect  of  transportation  facilities.  While 
cheap  transportation  has  opened  up  new  and  important  markets,  it  has 
also  been  the  cause  of  the  development  of  extensive  areas  of  new  and 
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exceedingly  fertile  country.  The  effect  of  this  cause  alone  in  the 
New  England  States  and  in  the  South  has  been  very  great,  and  will  be 
referred  to  in  a  later  place. 

Another  cause  has  been  unquestionably  the  discrimination  in  rates 
and  the  high  freight  charges  which  have  prevailed  in  certain  localities. 
It  is  not  my  purpose  to  go  fully  into  this  question,  as  the  commission 
has  had  in  evidence  befoi'e  questions  touching  this  important  subject, 
but  in  my  experience  the  commercial  value  of  farm  lands  is  often  con- 
trolled to  a  considerable  extent  by  the  rates  of  freight  which  are  locally 
applicable  to  these  areas.  It  may  be  that  the  lands  are  situated  at 
such  a  distance  that  cheap  transportation  can  not  be  offered;  it  maybe 
that  there  are  conditions  of  expense  in  the  marketing  of  the  products, 
but  certain  it  is  that  the  possibilities  of  building  up  industries,  agricul- 
tural industries,  on  certain  soils  and  under  certain  climatic  conditions 
which  in  themselves  would  be  favorable  is  prevented  by  the  imprac- 
ticability of  marketing  the  products  with  any  profit  under  the  prevail- 
ing conditions. 

Q.  (By  Mr.  Phillips.)  What  section  of  the  country  is  that  most 
applicable  to? — A.  I  would  cite,  in  the  case  of  Florida,  the  marketing 
of  the  bulky  and  tender  products  from  the  truck  fields.  These  products 
have  to  be  marketed  under  peculiar  conditions.  They  have  to  be 
rushed  to  the  Northern  markets  on  the  fast  freight  or  passenger 
schedule.  They  have  to  be  provided  with  proper  refrigerating  and 
ventilation  cars,  and  they  must  be  placed  upon  the  market  in  the 
shoitest  possible  time  in  order  to  be  in  fresh  eatable  condition,  and  to 
reach  the  market  at  the  earliest  possible  date.  Now,  it  is  the  common 
experience  in  Florida  that  the  possibilities  of  marketing  the  crop  with 
any  profit  to  the  farmer  is  a  pretty  close  thing  to  figure  on,  and  that 
it  requires  very  nice  and  very  close  calculation  in  many  cases  to  deter- 
mine whether  it  is  possible  to  send  a  crop  to  the  Northern  markets  with 
any  profit.  I  do  not  mean  to  say  that  there  is  discrimination,  but  I 
do  want  to  show  the  commission  that  the  possibilities  of  marketing 
the  crop,  the  possibilities  of  transportation,  have  necessarily  some- 
thing and  in  many  cases  much  to  do  with  the  possibilities  of  the  devel- 
opment of  any  particular  agricultural  district,  and  that  that  is  one  of 
the  important  factors  in  the  abandonment  of  many  enterprises  that 
have  been  started — in  the  abandonment  of  lands. 

Another  cause  of  this  same  kind  which  could  be  cited  is  in  the  mar- 
keting of  the  truck  crops  of  southern  Maryland.  The  development  of 
the  truck  industry  there  a  few  years  ago  was  very  great,  and  the  prod- 
uct had  to  be  sent  by  river  steamers  to  the  railroad  centers,  or  to  the 
Northern  market,  and  they  were  picked  up  by  these  steamers  on  their 
regular  runs.  The  amount  of  product  was  large,  the  distance  from 
the  market  was  great,  and  the  time  that  was  consumed  in  getting  the 
crop  loaded  and  delivered  in  the  Baltimore  or  Washington  or  Phila- 
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delphia  markets  became  so  great,  and  the  transportation  .service  was 
so  irregular,  that  the  industry  on  large  areas  has  been  giv^en  up  for 
that  one  cause,  namely,  the  inability  to  market  the  products  in  the 
proper  way  and  in  the  quick  time  that  is  made  necessary  by  our  pres- 
ent transportation  facilities. 

Q.  (By  Mr.  Clarke.)  You  do  not  think  that  the  difficulty  of  getting 
suitable  farm  labor  for  this  truck  farming  was  a  potent  factor  in  caus- 
ing the  abandonment  of  it? — A.  Decidedly.  I  shall  speak  of  the  con- 
dition of  labor  in  the  South  later  on.  This  is  an  important  contributing 
cause. 

SOCIAL   CONDITIONS. 

To  come  now  to  one  of  the  most  important  problems — the  social 
conditions  and  growth  in  manufactures,  and  the  increase  in  wages. 

NefW  Englcmd. — In  treating  this  1  shall  take  up  specific  cases,  first, 
of  the  cause  of  the  deterioration  and  abandonment  of  lands  in  New 
England,  about  which  so  much  has  lately  been  said.  So  far  as  I  am 
aware,  there  is  no  evidence  to  show  that  the  New  England  soils  have 
any  less  plant  food  than  they  had  when  first  cultivated.  That  is  to 
say,  that  so  far  as  the  chemical  analysis  would  show,  they  have  all  of 
the  essential  ingredients  for  crop  proauction.  I  do  not  mean  to  say, 
however,  that  the  soils  are  in  as  high  a  state  of  cultivation  as  they 
were,  because  I  do  not  think  that  is  universally  the  case;  biit  the 
exhaustion  of  soils  as  it  is  usually  considered  has  not  contributed  to 
any  great  extent  to  the  present  condition  of  the  agricultural  lands  of 
New  England  in  the  two  hundred  years  in  which  they  have  been  culti- 
vated. It  would  be  impossible,  with  the  record  we  have  of  Eastern 
countries,  to  conceive  that  in  two  hundred  years  these  soils  could  be 
so  impoverished  by  the  actual  withdrawal  of  plant  food  by  the  crops 
that  have  been  marketed  as  to  make  them  markedly  deficient  in  plant 
food.  We  must  remember  that  the  country  throughout  the  New 
England  States  has  generally. a  rough,  hilly,  and  frequently  a  stony 
soil,  with  rocks  and  bowlders  and  gravel,  left  from  the  Glacial  period. 
The  expense  of  clearing  and  cultivating  these  rough  and  rocky  soils  is 
considerable.  With  the  development  of  the  fertile  lands  in  the  West, 
with  the  ease  of  cultivation  and  the  methods  that  can  be  employed, 
the  cost  of  production  has  been  reduced.  The  New  England  farmer 
can  no  longer  afford  to  grow  the  staple  farm  products.  When  wheat 
was  bringing  $1.25  and  $1.50  a  bushel,  as  it  was  a  few  years  ago,  and 
when  hay  was  correspondingly  valuable  and  cattle  a  correspondingly 
important  industry,  the  products  from  the  New  England  farms  were 
profitable.  There  is  no  question  that  the  New  England  farmers  made 
a  comfortable  living;  but  with  wheat  as  low  as  it  is  at  present,  with 
cattle  as  cheaply  raised  as  they  are  in  the  West,  and  with  hay  and 
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grain  as  abundant,  they  have  been  unable  to  compete.  The  contribu- 
ting cause  of  this  condition  has  been  the  small  areas  which  they  could 
devote  to  any  particular  crop,  and  the  labor  and  expense  of  cultivating 
and  caring  for  their  land.  The  development  of  transportation  facili- 
ties, the  lowering  of  freight  rates  in  the  rail  and  lake  and  canal  trans- 
portation, has  made  it  possible  to  bring  products  from  the  West  at 
such  a  low  price  that  it  has  been  impossible  on  the  rough  and  rocky 
New  England  soils  to  compete. 

Another  very  important  contributing  cause  has  been  in  the  increase 
in  the  number  and  size  of  factories.  It  is  unquestionable  that  the 
social  conditions  of  New  England  have  changed  in  the  past  few  years — 
that  the  growth  of  the  factory  system,  that  the  increase  in  wages,  that 
the  lesser  cost  of  the  products  of  the  mills,  the  increase  in  the  number 
and  variety  of  articles  that  are  considered  necessary  for  comfort  and 
health,  the  general  increase  in  the  cost  of  living,  the  general  feeling 
of  discontent,  and  the  unwillingness  to  remain  in  the  quiet  and  labo- 
rious life  of  the  farm  have  all  had  their  influence.  « 

It  seems  to  me  that  of  all  the  causes  that  have  contributed  to  the 
abandonment  of  the  lands  in  New  England  there  is  no  other  factor 
that  has  been  more  potent,  more  important  than  this  one,  of  the  suc- 
cess of  individuals  in  the  commercial  and  industrial  lines,  and  the 
appai-ent  ease  and  comfort  and  luxury  of  their  lives  as  compared  with 
the  laborious  and  simple  life  of  even  the  successful  farmer. 

Q.  (By  Mr.  Kennedy.)  I  read  in  the  public  press  a  short  time  since 
that  the  abandoned  farms  of  New  England,  were  being  taken  up  again 
at  a  very  low  price;  that  those  who  had  abandoned  them  and  gone  to 
the  West  in  many  cases  were  returning  and  trying;  to  get  the  old 
homesteads,  and  that  if  they  could  not  do  that  they  were  buying 
abandoned  farms  in  the  neighborhood,  and  in  one  of  the  New  England 
States,  in  Massachusetts  or  Connecticut,  there  was  not  now  a  single 
abandoned  farm. — A.  I  think  there  is  a  reaction  going  on,  but  Ishould 
think  that  statement  rather  overdi-awn.  Unquestionably,  however,  I 
think  there  will  be  a  reaction,  and  that  the  lands  will  be  taken  up. 

Q.  (By  Mr.  Phillips.)  Have  not  a  considerable  portion  of  those 
lands  been  taken  up  by  French  Canadians  in  recent  yeai*s? — A.  Yes; 
they  have.  One  other  point  I  wish  to  convey  to  the  commission  is  that 
the  lands  in  themselves  are  not  worn  out;  they  are  in  no  worse  con- 
dition. It  is  other  conditions,  and  not  the  actual  exhaustion  of  plant 
food,  by  which  they  are  affected. 

Q.  (B}^  Mr.  Clarke.)  Is  it  not  a  fact  that  the  products  of  agriculture 
in  the  manufacturing  sections  of  New  England  are  worth  more  to-day 
than  they  ever  were  before? — A.  Do  you  mean  of  wheat  and  grain 
and  fruit? 

Q.  I  mean  all  crops  grown  by  fanners,  including  of  course,  truck 
fanning. — A.  Well,  I  should  say  not,  so  far  as  the  genei'al  farming 
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goes.  Special  industries  are  exceedingly  important  in  the  New  Eng- 
land States,  and  1  had  aimed  to  speak  of  that  fact  in  my  suggestions 
for  the  amelioration  of  the  conditions. 

Q.  Instead  of  manufacturing  having  the  eflPect  of  depopulating  the 
farms  and  of  rendering  agriculture  unpopular,  is  it  not  true  that 
manufacturing  affords  so  good  a  market  to  the  farmer  near  his  fai*m 
that  by  changing  his  agriculture  somewhat  he  finds  it  more  profitable 
than  ever  before? — A.  Have  you  not  really  given  the  key  to  the  whole 
situation,  namely,  that  they  have  not  changed  their  method;  they  have 
persisted — farmera  are  a  conservative  class — in  attempting  to  compete 
^th  the  West,  when  they  should  have  specialized  and  have  met  the 
changed  conditions  that  have  confronted  them? 

Q.  My  observation,  as  a  New  England  man,  reared  upon  a  Vermont 
farm  and  an  annual  visitor  to  that  State,  and  somewhat  familiar  with 
conditions  in  Massachusetts,  where  more  manufacturing  is  carried  on, 
is  the  reverse  of  that,  and  it  is  that  they  do  conform  to  existing  con- 
ditions and  are  making  more  money  than  they  ever  made  before. 
Now,  if  I  am'wrong  about  that  1  hope  that  you  or  somebody  else  in 
the  Department  of  Agriculture  can  enlighten  the  country  on  that  sub- 
ject. A  few  years  ago  a  Professor  Perry^  of  Williams  College,  made 
the  statement  that  one-third  of  the  farm  lands  from  the  summit  of  the 
Green  Mountains  in  Vermont  eastward  to  the  Connecticut  River  had 
been  abandoned.  I  contradicted  it  at  the  time  from  personal  knowl- 
edge. That  is  one  of  the  most  favorable  regions  in  this  country. 
There  is  scarcely  an  abandoned  farm  to  be  found  there,  and  agricul- 
ture near  that  region,  while  it  has  undergone  some  changes,  is  more 
profitable  than  ever  before,  and  I  would  like  to  know  why  it  is.  As 
you  say,  the  soils  continue  to  be  fertile  and  productive,  and  the  mar- 
kets have  improved,  and  transportation  facilities  have  improved;  why 
is  it,  then,  that  the  people  will  persist  in  claiming  that  there  is  a  large 
abandonment  of  profitable  agriculture  in  that  region  of  the  country  ? 
I  undertake  to  say  that  it  is  not  true,  but  that  the  exact  reverse  is 
true. 

Q.  (By  Mr.  Phillips.)  Is  it  or  is  it  not  the  fact  that  the  price  of 
lands  both  in  New  England  and  the  Central  States,  Pennsylvania,  New 
York,  and  Ohio,  are  not  nearly  as  valuable  and  would  not  bring  as 
much  per  acre  to-day  as  they  would  twenty-five  or  thirty  years  ago, 
or  even  before  the  war? — A.  Generally,  the  land  values  have  fallen, 
but  in  specific  cases  they  have  risen  or  have  maintained  their  level. 
And  in  many  cases  in  the  New  England  States  it  is  unquestionable 
that  very  important  industries  have  been  created  there,  notably  the 
tobacco  interests  of  the  Connecticut  Valley,  which  we  have  lately  had 
under  consideration,  the  area  of  which  we  have  recently  mapped;  also 
the  truck  interests  along  the  Sound,  around  Providence,  around  Bos- 
ton, are  very  important,  and  the  fruit  interests  of  the  Lower  Connecti- 
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cut  Valley,  particularly  the  peaches,  have  all  been  exceedingly  profit- 
able, and  I  hope  I  did  not  convey  the  impression  that  I  believed  myself 
that  there  was  any  such  general  abandonment  of  lands  as  has  been 
frequently  stated  in  the  press,  because  1  think  myself  that  there  are 
many  industries  in  the  New  England  States  now  that  are  very  impor- 
tant. It  is  certainly  our  most  important  tobacco  section — the  most 
important  for  wrapper  tobacco — the  finest  we  get  in  this  country. 

Q.  Is  it  not  a  fact  that  throughout  New  England  when  a  farm  has 
been  abandoned  as  a  home  it  has  been  annexed  to  some  neighboring 
farm  and  still  carried  on  as  a  farm!  Is  not  that  almost  universally 
the  case? — ^A.  I  would  not  say  universal,  but  it  is  generally  the  case; 
yes.  There  can  be  no  question,  however,  that,  particularly  in  the  last 
ten  years,  twelve  years,  there  has  been  a  period  in  New  England  in 
which  agriculture  has  been  at  a  low  stage,  and  that  there  have  been 
many  abandoned  tracts,  and  many  people  who  have  moved  away.  I 
have  tried  to  show  that  these  conditions  are  due  to  causes  other  than 
the  poverty  of  the  soil,  which  I  do  not  believe  in  at  all,  and  that  there 
is  no  reason  why  they  should  not  build  up  the  industry  of  that  country 
and  nmke  it  as  profitable  as,  and  far  more  profitable  by  adjusting  it  to 
these  new  conditions,  than  it  ever  was. 

Q.  Now,  I  would  like  your  estimate  of  the  proportion,  the  relative 
importance  of  the  causes  which  you  have  named  which  have  con- 
tributed to  this  soil  abandonment.  Is  it  not,  in  your  opinion,  mainly 
due  to  the  competition  of  the  more  fertile  lands  of  the  West — that  is, 
the  more  easily  tilled  lands ) — A.  I  should  give  that  as  the  first  cause, 
and  I  should  give  as  the  second  cause,  the  increase  in  the  factories, 
and  the  demoralizing  effect  of  the  factory  life  and  of  the  factory  wages 
upon  the  farm  people.  There  is  a  demoralization;  it  is  more  a  panic 
than  anything  else;  they  have  not  the  mature  sense  of  perspective,  the 
vision  of  what  can  be  accomplished  if  they  take  new  opportunities 
which  have  come  to  them.  It  is  common  through  our  Extern  States. 
It  is  a  restless  feeling  that  their  old  conditions  have  been  changed,  and 
a  lack  of  that  business  planning  and  management  that  will  enable  them 
to  fit  their  agriculture  to  new  conditions. 

Q.  Do  you  think  that  the  young  men  leave  the  farms  in  New  Eng- 
land for  the  factories? — A.  I  think  so. 

Q.  Have  you  any  information  on  that  subject? — A.  I  speak  from 
my  experience  in  New  England.  I  lived  in  New  England  for  many 
summers  when  I  was  a  youth,  and  I  have  frequently  visited  there,  as 
it  is  the  home  of  my  father.  I  spent  two  years  at  the  Connecticut 
experiment  station  when  these  matters  were  under  consideration,  and 
have  also  done  work  since  in  the  Connecticut  Valley  and  in  the  truck 
areas  of  Boston  and  Providence. 

Q.  It  may  be  true  so  far  as  the  machine  shops  are  concerned,  and  a 
few  other  skilled  manufacturing  industries.     Is  not  the, reverse  true 
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80  far  as  the  textile  industries  are  concerned? — A.  I  should  say  that 
there  is  a  general  feeling  among  the  farm  boys  in  New  England  that 
tliey  want  the  higher  education.  They  want  to  get  into  and  take  up 
the  professions.  There  is  a  great  ambition />n  the  part  of  the  young 
men  to  go  to  an  institute  and  to  get  into  electrical  works  at  the  present 
tiine,  because  the  young  fellows  that  they  may  have  been  acquainted 
^with  are  now  getting  high  wages;  and  there  is  a  desire  among  the 
young  people  of  New  England,  so  far  as  I  have  seen,  to  get  into  these 
commercial  and  industrial  lines  rather  than  remain  on  the  farms, 
except  where  they  are  situated  in  communities  in  which  special  crops 
and  special  agricultural  interests  are  being  developed. 

Q.  Is  it  your  opinion,  then,  that  the  system  of  education  in  New 
England  is  defective — that  it  tends  to  work  against  the  best  interests 
of  agriculture? — A.  That  is  a  very  difficult  question  to  answer.     It  is 
a  notable  thing  that  few  of  the  young  men  who  go  to  the  colleges  for 
their  so-called  higher  education  attempt  in  any  way  to  fit  themselves 
for  the  farm,  and  a  very  striking  case  of  that  is  found  in  the  small 
number  of  students  who  have  attended  the  agricultural  courses  at  Yale 
University,  which  has  had  a  permanent  endowment  for  the  purpose  of 
ag'rioultui'al  education,  and  who  have  gone  out  from  there  as  farmer 
boys.     Harvard  University  maintains  an  agricultural  school  and  a  sci- 
entific or  technical  school,  but  there  is  by  far  a  greater  attendance  at 
the  technical  school,  as  there  is  at  the  classical  college,  than  there  is  at 
the  agricultural  courses.     This  is  a  question,  of  course,  of  the  effect  of 
education  on  farm  life,  which  is  widespread;  it  is  found  in  all  schools 
of  the  country.     My  own  belief  is  that  the  education  we  are  giving 
our  boys  is  not  calculated  to  make  the  best  farmers,  and  that  we  are 
rather  leading  them  away  from  the  farm.     I  think  there  is  a  tendency 
the  other  way  now,  because  we  are  showing  that  there  are  possibilities 
in  agriculture  that  have  never  before  been  realized.     We  are  showing 
them  that  there  are  possibilities  of  making  money,  for  one  thing — of 
earning  salaries  that  are  commensurate  in  every  way  with  salaries  paid 
to  professional  men.     If  we  get  a  tobacco  expert  now  we  have  to  pay 
$3,000  or  $4,000.     Six  thousand  dollars  is  paid  to  some  of  the  managers 
of  tobacco  estates  in  the  South.     The  practical  growers  will  willingly 
pay  $3,000  or  $4,000  to  a  man  who  can  manage  their  estates  and  make 
them  productive;  and  the  same  may  be  said  in  other  lines  of  agricul- 
ture.    In  fruit  and  in  dairy  interests  they  think  little  now  of  paying 
$4,000  to  $6,000  for  experts  in  different  lines — men  who  can  make  them 
successful.     These  possibilities  now  are  opening  up  to  young  men,  and 
they  see  opportunities  for  remunerative  work.     We  have  recently  tried 
to  get  tobacco  experts  in  the  Department  of  Agriculture,  and  it  has 
been  necessary  for  us  to  pay  $4,000  to  get  a  man  who  is  qualified  for 
the  work.     The  Secretary  has  been  desirous  of  having  men  trained, 
and  I  have  presented  the  matter  to  several  young  men,  and  they  have 
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agreed  to  come  at  low  salaries,  $40  a  month — young  men  from  colleges, 
and  they  are  going  to  put  themselves  under  the  direction  of  this 
tobacco  expert.  They  are  going  into  the  tobacco  sheds  and  are  going 
to  learn  how  to  handle  tbe  tobacco,  and  after  they  have  acquired  a 
practical  knowledge  they  are  going  to  have  some  training  in  our  lab- 
oratories in  the  principles  underlying  the  handling  and  manipulation 
of  tobacco.  The  Secretary  says,  "Train  young  men  for  our  own  use." 
If  we  train  them  to  make  good  tobacco  experts  the}'  will  go  out  from 
us  at  salaries  of  $3,000,  $4,000,  and  $5,000,  just  as  we  have  lost  men 
we  have  already  trained.  It  is  the  training,  it  is  the  ability  of  these 
men  to  produce  products  wanted  now  in  this  highly  specialized  indus- 
try of  tobacco  that  counts. 

The  young  men  are  seeing  these  opportunities,  and  we  are  able  to 
get  them  now  readily.     They  are  readily  coming  to  the  Department 
because  they  acquire  in  our  work  an  intimate  knowledge  of  the  opera- 
tions on  the  farm,  of  the  judging  and  classification  of  soils,  of  the  treat- 
ment of  alkali  and  seepage  of  waters  and  underdi-ainage,  and  of  the 
production  and  managemant  of  tobacco,  and  we  are  having  no  difficulty 
in  getting  men  who  have  been  tmned  to  some  extent.     Men  are  leaving 
positions  in  which  they  were  getting  $1,000  or  $1,200  and  coming  to  us 
for  $40  a  month  for  the  experience  they  will  get  and  the  value  it  will  be 
to  them.     Some  of  our  young  men  have  had  offers  at  $2,500  or  $3,000 
to  go  out  and  protect  some  of  these  Western  lands  from  alkali,  because 
they  know  how  to  handle  the  question.     We  have  shown  our  ability  to 
handle  these  questions,  which  are  of  so  much  impoi'tance  to  the  people. 
There  is  one  case  which  I  wish  to  mention  later  of  a  sugar  factory  in 
California,  that  we  found  was  situated  on  a  delta  plain.     The  owners 
have  invested  something  like  $3,000,000  or  $4,000,000  in  this  plant,  an 
immense  sum,  but  their  lands  are  underlain  by  alkali  to  such  an  extent 
that  when  they  begin  to  irrigate,  as  they  are  planning  to  do  now,  there 
is  no  question  in  our  minds  that  they  will  lose  their  crops  and  their 
lands  also.     Two  factories  have  been  shut  up  within  the  last  two  or 
three  years  from  this  same  cause.     They  know  that  there  is  danger, 
and  they  offered   one  of  our  men  a  salary  of  $3,000  just  because  he 
knew  what  the  trouble  was  and  could  handle  that  matter  for  them. 

A  short  while  ago  Japan  took  one  of  our  tobacco  experts  from  my 
own  Division  and  gave  him  $6,000  to  go  over  there  to  investigate  the 
possibilities  of  raising  and  manipulating  tobacco.  They  came  again 
for  another  of  our  tobacco  experts  and  offered  him  $5,000  to  go  over 
and  develop  the  interests  on  the  island  of  Formosa.  These  things  are 
having  an  effect  on  the  people.  They  are  seeing  the  possibilities  in 
these  special  industries,  and  in  my  opinion  the  young  men  are  turning 
more  to  the  farm  than  the}'^  have  ever  done  before,  simply  because 
there  is  something  definite,  there  is  a  purpose,  and  they  are  willingly 
taking  positions  in  the  Department  of  Agriculture  and  the  experiment 
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st&tlons,  because  they  are  getting  into  practical  knowledge  of  these 
affairs.  They  are  acquiring  the  practical  methods  and  manipulations 
"w^liich  give  them  control  of  these  agricultural  methods,  and  they  are 
finding  that  they  themselves  can  handle  these  industries  now  in  a  way 
in  which  they  can  make  good  monej",  or  can  get  positions  of  trust  and 
responsibility  at  salaries  commensurate  with  what  are  being  paid  in 
commercial  and  industrial  lines. 

Q.  (By  Mr.  Clarke.)  Are  many  of  these  bi'anches  of  agricultural 
science  capable  of  being  taught  in  the  public  schools,  say,  of  the  grade 
of  high  schools  and  grammar  schools? — A.  I  think  so;  and  yet  it  is 
rather  difficult  to  lay  out  a  course  or  suggest  lines  of  work  and  of 
teaching.  But  it  seems  to  me,  as  you  have  asked  me  my  opinion  on 
this  question  of  education,  that  we  want  more  agricultural  schools, 
and  we  want,  to  say  the  least,  no  more  agricultural  colleges.  That  is, 
Tve  want  the  schools  right  out  on  the  farm  lands  where  the  boys  work — 
where  they  are  taught  to  care  for  products  and  for  crops.  When  I 
Yf2Lnt  a  tobacco  expert  I  can  not  go  to  the  agricultui'al  colleges  and  get 
a  young  man  who  has  any  knowledge  of  tobacco.  I  must  go  to  Florida 
or  I  must  go  to  Pennsylvania,  and  1  must  pick  up  an  otherwise  unedu- 
cated man,  and  yet  that  man  will  command  a  salary  of  $2,000,  $3,000, 
or  $4,000.  He  is  not  a  college-bred  man,  but  yet  he  is  familiar  with 
the  manipulation  and  the  details  of  that  work.  Now,  if  I  should  want 
to  educate  a  young  man  in  tobacco  lines,  to  be  a  tobacco  expert  or  to 
know  how  to  raise  tobacco  in  the  Connecticut  Valley,  for  example,  I 
would  take  him  and  send  him  right  to  Florida,  where  they  have  the 
highest  type  of  skill  and  industry  in  tobacco,  so  far  as  tobacco  is 
concerned,  of  any  place  in  this  country.  They  have  developed  the 
industry  along  really  scientific  lines  by  their  practical  men. 

Q.  Now,  most  of  the  high  schools  of  this  country,  even  in  the  agri- 
cultural regions,  have  a  curriculum  chiefly  devoted  to  preparation  for 
entering  classical  coUeges.  Almost  nothing  is  taught  concerning  prac- 
tical farming  in  any  line.  Is  it  3'our  opinion  that  the  curriculum 
might  be  changed  to  the  advantage  of  the  farmer? — A.  I  think  in 
certain  cases  it  could  be,  and  we  would  be  extremely  desirous  of  seeing 
in  certain  centers  farming  schools  for  the  education  of  farming  boys. 
If  such  a  school  were  established  in  Lancaster  County,  Pa.,  under  the 
splendid  agricultural  conditions  prevailing  there;  if  the  boys  could  see 
the  methods  pursued  there;  if  they  could  go  out  and  actually  learn 
how  to  handle  stock,  how  to  handle  the  soil,  and  how  to  handle  the 
crops,  they  would  acquire  information  in  this  individual  locality  that 
would  be  admirable  in  fitting  them  to  take  charge  of  estates  and  of 
farm  lands  of  their  own  in  other  localities. 

Q.  Boys  reared  upon  farms  become  familiar  with  practical  methods, 
but  what  opportunity  is  offered  to  them  in  the  neighboring  schools  to 
become  familiar  with  scientific  agriculture?  How  much  chemistry  are 
they  taught? — A.  There  is  very  little. 
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Q.  What  do  they  know  about  ^soiling  crops  and  about  the  various 
plant  foods  and  animal  foods?  Is  any  of  that  information  taught  in 
any  of  the  high  schools  in  this  country  that  you  know  of? — A.  Very 
little  or  none  in  any  thai  I  am  familiar  with,  even  in  the  agricultural 
districts^ 

Q.  Then,  when  the  system  of  education  leaves  the  leading  industry 
of  a  region  to  the  work  of  ignorance  and  teaches  the  youth  something 
else,  are  they  not  rather  compelled  to  go  out,  and  are  not  their 
ambitions  led  out  into  other  pursuits? — A.  Yes. 

Q.  (B3'  Mr.  Phillips.)  At  present  it  would  be  very  difficult  to  have 
teachei*s  qualified  in  these  various  rural  districts  to  teach  this.  They 
would  have  to  be  educated  for  that  purpose? — A.  It  seems  to  me, 
further,  that  when  these  schools  are  established  they  do  not  seem  to 
be  satisfied  to  remain  schools;  they  so  quickl}'  aspire  to  the  dignity  of 
colleges,  and  from  colleges  to  the  dignity  of  univei*sities.  Abroad  it 
is  much  more  frequent  to  see  real  agricultural  schools,  a  sort  of  pri- 
mary school  in  agriculture,  or  high  school  in  agriculture,  where  the 
school  is  situated  in  a  farming  district  and  the  methods  and  thoughts 
are  all  upon  fanning  lines.  You  take  a  young  man  and  put  him  under 
those  conditions  and  he  is  likelv  to  be  much  more  contented  to  follow 
in  the  pursuits  of  farming  than  if  you  put  him  into  a  university  like 
Yale  University  where  the  farming  course,  the  agricultural  course,  is 
looked  down  upon  by  all  other  students.  Under  such  conditions  the 
young  men  are  not  generally  satisfied  to  take  a  course  which  is  popu- 
larly supposed  to  be  an  easy  one  and  one  which  does  not  maintain  the 
rigorous  training  that  the  classical  and  mathematical  lines  are  sup- 
posed to  possess. 

Q.  Perhaps  we  have  diverted  you  most  too  long.  This  is  very 
interesting. — A.  1  wish  I  had  prepared  myself  a  little  more  on  this 
line.  I  did  not  think  of  this  coming  into  the  discussion.  It  is  a  mat- 
ter that  I  have  often  thought  of,  because  I  was  professor  of  agriculture 
in  South  Carolina  and  always  realized  that  1  was  not  doing  my  duty, 
as  it  seemed  to  me,  in  the  training  of  my  men,  partly  because  there  is 
no  course  in  agriculture  for  a  professor  to  take  up — he  has  to  make 
one  himself — and,  secondly,  the  opportunities  are  not  presented,  it 
seems  to  me,  to  train  people  with  the  particular  knowledge  that  is 
required  in  any  line  of  agriculture. 

I  think  that  in  the  New  England  States,  perhaps  even  more  than  in 
the  Southern  States,  that  restless  desire  for  material  advancement  and 
the  higher  education  has  been  felt  because  of  the  more  thickly  settled 
condition  and  other  natural  conditions  which  have  already  been 
referred  to.  Another  contributing  cause  to  the  tendency  in  the  New 
England  States  has  been  the  demoralizing  effect  of  the  summer 
boarders.  It  seems  to  me  there  is  no  question  that,  while  their 
presence  has  been  a  benefit  to  the  New  England  States  in  the  main,  it 
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has  had  a  demoralizing  effect  upon  the  agriculture  of  the  region. 
Furthermore,  the  severe  climate  of  New  England  has  been  against  the 
deyelopnient  in  some  cases,  and  it  has  had  some  effect  upon  the  devel- 
opment of  the  agricultural  resources  of  the  area. 

It  seems  to  me  perfectly  evident  that  the  conditions  which  have  con- 
tributed in  any  marked  way  to  the  depreciation  of  land  values  in  New 
England  have  been,  first,  the  development  of  the  West  and  the  lower 
prices  for  farm  products  through  the  development  of  the  transporta- 
tion systems,  and  the  increase  in  the  number  of  factories,  in  the  rest- 
less desire  of  all  of  our  people  to  a  certain  extent  to  leave  the  quiet 
and  laborious  life  of  the  farm  and  enter  the  busy,  hurried  world  of 
commercial  and  industrial  activities.  It  is  quite  evident  to  me,  how- 
ever, that  the  future  for  the  New  England  States,  as  for  our  Southern 
States,  is  in  the  line  of  specialization.  They  are  close  to  the  markets; 
they  are  peculiarly  fitted,  as  they  have  already  shown,  for  certain 
special  industries;  and  the  line  of  future  development  must  be  in  that 
dii-ection.  They  must  give  up  all  thought  of  competition  with  the 
general  farm  crops  and  must  look  forward  to  the  building  up  of  cer- 
tain industries  which  their  position,  their  locality,  and  their  conditions 
specificall}'  make  possible  to  be  carried  on. 

The  one  case  of  the  Sumatra  tobacco,  that  we  succeeded  in  growing 
last  year  in  the  Connecticut  Valley,  that  brought  71  cents  a  pound 
when  the  ordinary  crop  is  grown  for  20  cents  a  pound,  was  a  result  of 
soil-survey  work,  in  which  we  thought  that  the  conditions  were  favor- 
able on  a  certain  soil  in  the  Connecticut  Valley  for  the  production  of 
this  tobacco  under  certain  conditions  which  we  brought  about,  and  the 
result  has  been  successful.  So  far  as  we  know,  there  is  no  other  area 
besides  Florida  and  the  Connecticut  Valley,  and  only  certain  soils  in 
the  Connecticut  Vallev,  where  this  industry  can  be  pursued;  and  it  is 
unquestionable  in  my  mind  that  this  industry  can  be  built  up,  and  that 
there  is  a  possibility  of  producing  $6,000,000  worth  of  tobacco  which 
we  now  import  from  the  island  of  Sumatra  every  year. 

I  should  also  mention  that  the  truck  interests  and  the  greenhouse 
interests  around  Boston  are  very  great.  They  are  enormous  industries, 
and  large  amounts  of  money  are  invested  in  them  and  large  profits 
maintained. 

Maryland  aixd  Virginia, — I  come  now  to  the  cause  of  the  deteriora- 
tion and  abandonment  of  lands  in  Maryland  and  Virginia. 

The  exhaustion  of  the  soib,  of  which  we  have  heard  so  much  in 
Maryland,  Virginia,  and  the  Southern  States,  is  due,  unquestionably, 
to  improper  and  injudicious  methods  of  cultivation  and  cropping. 
This  will  be  referred  to  more  at  length,  under  the  head  of  fertilizer, 
when  we  come  to  speak  of  remedial  measures.  It  is  also  due  to  the 
decrease  in  value  of  farm  crops,  due  in  turn  to  the  cheaper  production 
in  the  West  and  to  the  reduced  cost  of  transportation,  as  has  been 
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result  is  that  it  is  a  happy  and  contented  and  prosperoos  oommunity. 
The  lands  have  been  handed  down  from  generation  to  generation  for 
ages  and  people  seldom  think  of  leaving  the  place.  They  are  a  con- 
tented and  happy  and  prosperous  people. 

In  Maryland  the  methods  are  altogether  different     In  the  first  place 
the  Maryland  farm  is  seldom  worked  by  the  man  who  owns  it   There 
is  for  some  reason  an  unfortunate  prejudice  which  prevails  in  many 
localities,  at  any  rate  in  Maryland,  for  a  man  who  actually  goes  into 
the  field  and  works  his  land.     He  usually  has  an  overseer,  a  man  who 
is  paid  to  look  after  and  direct  his  interests  instead  of  doing  this  him- 
self.    Frequently  he  has  not  even  so  much  control  over  his  interests, 
and  lets  his  land  out  to  a  tenant  farmer  who  farms  it  in  his  own  way, 
by  his  own  methods  and  for  a  portion  of  the  crop,  and  occasionally  for 
a  money  consideration.     The  crops  grown  are  the  ordinary  staple 
crops  of  general  agriculture.     They  have  corn,  wheat,  and  tobacco. 
The  competition  from  the  West  and  the  low  prices  of  wheat  and  corn 
make  them   scarcely  profitable.      The  competition    with  the  Ohio 
tobacco  and  the  geneitil  specialization  which  has  taken  place  in  the 
tobacco  industrj^  and  the  necessity  of  producing  something  that  is 
peculiarly  adapted  to  a  certain  market  or  to  a  certain  demand,  has 
lowered  the  price  of  the  Maiyland  tobacco.     Now,  after  the  Maryland 
farmer  has  raised  these  three  things  he  has  done,  as  he  thinks,  the  best 
he  can  and  he  has  nothing  farther  to  consider  for  his  development 
The  coi*n  is  fed  mainly  to  his  work  stock,  and  it  all  goes  to  that  and 
his  own  labor.     The  wheat  is  sold  and  sent  off  the  farm  in  exchange 
for  flour,  which  he  buys  at  a  considerable  increase  in  cost  over  what  it 
would  have  cost  him  if  he  could  have  had  it  ground  in  his  own  neigh- 
borhood.    The  tobacco,  of  course,  is  sold  and  goes  out  in  exchange  for 
productions  of  all  kinds  for  himself  and  his  family.     He  buys  his 
meat,  he  buys  his  groceries,  and  he  frequently  buys  the  vegetables 
that  he  should  have  raised  in  his  garden. 

There  is  no  comparison  with  the  conditions  in  a  prosperous  com- 
munity like  Lancaster  County  and  the  improvident  methods  that  pre- 
vail in  some  of  our  Maryland  counties  and  Virginia  communities. 
There  is  no  comparison  whatever  in  the  economical  methods  that  are 
employed,  and  it  seems  to  me  that  one  of  the  most  important  contrib- 
uting causes  to  the  abandonment  and  impoverishment  of  the  lands  in 
Maryland  and  Virginia  and  of  many  of  the  Southern  States  is  due  to 
this  one  fact,  that  they  do  not  use  the  same  thrifty  methods  that  have 
marked  the  success  in  Lancaster  County  and  in  many  other  counties 

of  the  Northern  States. 

******* 

Professor  Whitney  (after  recess,  resuming).  At  the  time  of  the 
adjournment  or  recess  I  had  compared  the  methods  and  system  of 
agriculture  prevailing  in  the  southern  counties  of  Maryland  with  the 
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system  prevailing  in  Lancaster  County,  Pa.,  and  had  drawn  some  sug- 
g'estions  as  to  the  cause  of  the  differences  in  the  land  values  in  the  two 
localities.  In  following  out  our  soil  investigation  and  the  mapping  of 
lands,  we  find  the  same  limestone  soil  which  is  so  productive  and 
valuable  in  Pennsylvania  extending  down  to  the  Hagerstown  Valley 
of  Maryland  and  down  through  the  Shenandoah  Valley  of  Virginia. 
They  have  the  same  character  of  soil,  essentially  the  same  climatic 
conditions;  and  yet  the  soils  of  the  valley  of  Virginia  are  selling  to- 
day at  from  $10  to  $20  an  acre — rarely  more  than  $40  or  $60  an  acre — 
while  the  farm  prices  in  Lancaster  County  have  been  maintained  about 
where  they  were — about  as  high  as  they  ever  have  been — and  I  can  not 
say  that  this  is  due  to  any  cause  connected  with  the  soil,  but  conclude 
that  it  is  due  almost  entirely  to  social  conditions,  to  the  respect  agricul- 
ture has  in  the  conununity,  to  the  thrifty  methods  employed  by  the 
people,  and  the  way  in  which  the  occupation  is  esteemed. 

DETERIORATION  OF  SOILS  OF  THE   SOUTHERN   STATES. 

Undoubtedly,  the  system  that  prevailed  for  so  many  years  in  the 
South  was  satisfactory  under  the  conditions  prevailing  some  years 
ago,  but  certainly,  with  the  rapid  and  phenomenal  advance  and 
improvement  in  industrial  lines  and  in  the  improvement  of  trans- 
portation facilities,  the  old  methods  are  no  longer  applicable.  The 
trouble  in  this  case,  it  seems  to  me,  is  a  lack  of  business  method,  want 
of  appreciation  of  changed  conditions  and  of  business  perception  of 
opportunities  that  could  be  taken  up  and  made  productive. 

In  the  States  farther  south  than  Maryland  and  Virginia  there  have 
been  other  causes  which  have  operated  in  this  same  direction.     In  the 
first  place,  the  kind  of  crop  and  the  clean  cultivation  that  have  been 
given  to  the  cotton  crop  have  caused  a  tremendous  oxidation  and  loss 
of  the  organic  matter,  and  the  soil  is  left  relatively  poor  in  these 
organic  substances  that  are  necessary  for  the  normal  weathering  of 
the  soil  material  and  the  preparation  of  the  plant  food  into  a  form 
that  is  readily  available  to  plants.     It  has  also  caused  in  many  areas 
the  erosion  and  washing  of  lands  that  has  proved  destructive  to  very 
considerable  areas  in  the  Southern  States.     There  is  one  condition 
which  has  also  prevailed  against  the  competition  with  the  South  in 
certain  lines  of  general  agriculture — ^that  is,  the  unfavorable  climatic 
conditions  for  grain  crops.     The  normal  yield  of  grain  in  the  South 
is  about  one-third  of  what  it  is  in  the  Northern  States.     This  is  due 
to  the  fact,  so  far  as  we  can  see,  that  the  greater  humidity  and  larger 
rainfall  are  bringing  about  conditions  favoring  extensive  leaf  develop- 
ment rather  than  the  production  of  grain.     In  the  Northern  States 
the  cold,  frosty  nights  are  liable  to  occur  about  the  time  the  plant  has 
obtained  its  full  development,  and  this  condition  favors  the  produc- 
tion of  fruit,  as  is  well  known  in  all  life  functions.     Where  there  is 
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danger  of  the  destruction  of  the  plant  it  tends  to  repi'oduce  itself  in 
the  formation  of  seed.     In  the  Southern  States,  with  the  nnore  equable 
climate,  with  the  higher  temperature,  higher  i-ainfall,  and  generally 
higher  humidity,  there  is  a  persistent  effort  to  the  production  of  vege- 
table growth  and  a  distinctly  less  chance  of  the  production  of  grain 
and  seeds.     While  this  is  natural,  it  is  by  no  means  necessary,  for  the 
largest  yield  of  corn  on  record  is  from  South  Carolina,  where  there 
was  an  abundant  growth — abundant  vegetative  growth— which  ^was 
checked  by  methods  of  cultivation  at  the  proper  time — that  is,  the 
tendency  to  vegetative  growth  being  checked,  the  plant  produced 
seed  in  proportion  to  the  vegetative  growth,  and  the  yield  was  phe- 
nomenal; and  it  has  seemed  to  me  at  times  as  though  by  a  change  in 
the  method    of  cultivation — by   some  mechanical    checking  of  the 
growth — that  the  vegetative  growth  could  be  checked  and  the  yield 
could  be  largely  increased.     However  that  may  be,  *he  fact  remains 
that  the  climatic  conditions  in  the  South  have  never  been  favorable  to 
a  large  yield  of  grain. 

I  have  presented  to  the  commission  now  the  principal  causes  that 
operate  in  the  exhaustion  and  abandonment  of  soils.  These  several 
lines,  of  course,  operate  in  different  proportions  in  different  parts  of 
the  country.  In  nearly  all  localities  one  or  more  of  the  causes  that  I 
have  mentioned  have  operated  at  the  same  time  to  pixxiuce  the  deteri- 
oration, if  not  the  abandonment,  of  soils. 

METHODS  FOB  BEOLAMATION. 

1  come  now  to  the  conditions  of  reclamation  and  (pertain  recommen- 
dations that  it  seems  desirable  to  make. 

Q.  (By  Mr.  Phillips.)  Before  proceeding  with  that  I  should  like  to 
bring  up  a  question  which  has  been  touched  upon.  You  said  in  the  early 
part  of  your  testimony  that  in  England  the  soils  had  not  deteriorated: 
that  the  growers  raised  about  the  same  amount  on  the  land  in  the  last 
twenty  years  as  they  had  for  forty  or  fifty  years — about  15  bushels.  Is 
there  anything  in  the  climate  favoring  England  in  this  respect?  Would 
the  climate  in  Virginia  and  Pennsylvania  have  the  same  power  or  force? 
Is  it  on  account  of  the  damp,  or  are  the  climatic  conditions  there  differ- 
ent from  ours? — A.  Yes;  the  climatic  conditions  have  a  great  deal  to 
do  with  it. 

Q.  Then  you  would  not,  therefore,  claim  that  16  bushels  could  be 
raised  on  good  wheat  land  in  Pennsylvania,  as  is  the  case  in  England? — 
A.  No;  but  what  I  say  is  that  under  given  climatic  conditions  and 
with  p,  given  soil,  a  soil  even  without  fertilizer,  there  would  be  a  cer- 
tain gi*ain  yield  that  would  be  maintained  for  a  good  many  years; 
indefinitely,  so  far  as  we  know.  It  might  be  5  bushels  to  the  acre  or  it 
might  be  10,  or  it  might  be  15.  It  happens  to  be  that  under  the  con- 
ditions in  England  in  this  one  experiment  it  was  12  bushels. 
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Q.  I  know  of  farms  that  have  become  quite  poor  on  the  hills  because 
of  the  water.  England  being  more  level,  perhaps  the  conditions  would 
be  more  favorable? — A.  In  this  experiment  that  I  cite,  yes;  it  was 
conducted  on  a  level  tract. 

FERTILIZATION. 

Q.  Pardon  the  interruption  and  proceed. — A.  The  first  method  that 
I  will  speak  of  in  the  reclamation  of  lands,  although  in  my  opinion  not 
the  most  important,  is  the  subject  of  fertilization.     The  primary  object 
of  fertilization  is  the  improvement  or  adaptation  of  soils  to  the  culti- 
vation of  any  desired  crop  or  crops.     As  1  have  shown,  all  soils  have 
a  natural  fertility  which  can  probably  be  maintained  under  any  condi- 
tion of  cultivation  for  an  indefinite  number  of  years.     Very  frequently 
this  natural  fertility  is  so  low  that  it  is  unprofitable  to  raise  a  particu- 
lar crop,  as  so  little  is  obtained  from  the  soil  that  it  does  not  pay  for 
the  attention  given  to  it.     Frequently,  also,  on  a  very  rich  soil  the  aim 
is  to  force  the  crop,  and  we  call  it  intensive  cultivation — that  is,  we 
may  have  a  soil  which  will  produce  a  large  crop,  and  yet  we  want  to 
force  it  to  produce  all  it  can.     It  is  like  the  fattening  of  stock.     We 
can  produce  a  fairly  good  animal  on  our  ranges,  but  if  we  take  an 
animal  and  feed  it  up  with  concentrated  food  mixed  in  the  proper 
pix)portions  for  a  good  diet  we  can  put  fat  and  flesh  on  it  which  will 
make  it  far  more  profitable  than  if  we  had  depended  upon  the  natural 
food  of  the  locality.     It  is  so  with  soils.     We  can  unquestionably 
force  the  fertility  far  beyond  the  natural  limit  and  far  beyond  the 
oixiinary  limits  of  crop  production.     This  we  see  particularly  in  the 
truck  crops,  where  the  poor,  baiTen  s^nds  are  highly  fertilized  and 
where  large  crops  are  grown  from  what  would  naturally  be  considered 
a  poor  soil.     In  this  sense  the  effect  of  fertilization  is  a  simple  addition 
of  plant  food  to  the  soil  in  such  form  that  the  crops  can  immediately 
use  it.     But  fertilizers  have  another  effect,  that  of  increasing  the 
decomposition  of  the  soil  particles  themselves — that  is,  the  mere  addi- 
tion of  fertilizers  of  different  kinds  may  increase  the  weathering  power, 
and  the  soil  itself  will  disintegrate  and  decompose  under  their  influence 
faster  than  it  would  without  their  application. 

The  specific  objects  of  fertilizing  are  to  obtain  an  improvement  in 
the  texture  of  the  soil — that  is,  frequently  a  wet  refractory  clay  can 
be  made  more  pliable,  more  easily  handled;  drainage  is  improved. 
Frequently  also  loose  soil  may  be  made  more  compact  and  more  reten- 
tive of  moisture.  At  times  also  the  influence  of  the  fertilizers  is  felt 
more  in  balancing  up  the  ratio.  We  have  in  Maryland  and  Pennsyl- 
vania small  areas  of  lands  that  are  derived  from  the  disintegration  of 
serpentine  rocks  that  carry  a  large  proportion  of  magnesia;  and  it  has 
been  found  that  where  the  amount  of  magnesia  is  in  excess  of  the 
amount  of  lime  plants  rarely  do  well  and  frequently  are  an  entire 
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failure.  In  such  case  the  application  of  lime  simply  to  reverse  the 
ratio  and  make  lime  a  predominating  ingredient  in  the  soil  will  restore 
the  fertility  of  the  land.  Very  frequently  also,  and  probably  more 
often  even  than  we  now  suppose,  soil  is  acid.  It  has  been  found  that 
the  soils  of  Rhode  Island  are  very  generally  acid,  and  the  addition  of 
lime  simply  to  neutralize  this  acidity  will  promote  the  fertility  of  the 
land  in  a  very  remarkable  degree.  This  same  cause  of  acidity  of  the 
soil  is  found  now  to  be  much  more  prevalent  than  we  have  heretofore 
supposed  to  be  the  case.  The  fertilizers  that  are  conmionly  available 
are  farm  products — ^that  is,  stable  manures  and  green  manures,  which 
are  used  to  a  very  considerable  extent  and  are  both  exceedingly  impor- 
tant in  the  list  of  fertilizing  materials.  Then  we  have  the  commercial 
products,  such  as  guano,  ground  bone,  potash,  and  then  the  mineiul 
fertilizers  other  than  lime,  and  then  lime,  marls,  and  gypsum.  It  will 
hardly  be  necessary  for  me  to  go  into  the  question  of  the  fertilizer 
laws.  As  the  commission  knows,  most  of  the  Extern  States  have 
rather  stringent  laws  about  the  inspection  and  sale  of  fertilizers;  and 
this  subject  has  been  taken  up  by  the  Department  of  Agriculture  with 
the  idea  of  having  a  more  unifonh  system  of  laws,  if  possible,  and 
with  some  idea  of  having  national  laws  for  the  interstate  commerce 
and  trade.  I  am  not  at  all  sure  how  far  this  has  gone,  and  I  therefore 
do  not  feel  competent  to  speak  upon  it. 

Another  series  of  fertilizing  agents  is  found  in  the  bacteria  and 
other  ferments.  This  newly  discovered  nitrogen  is  really  a  pure 
culture  of  bacteria,  which  have,  by  reason  of  their  activities  in  the 
soil,  rendered  available  the  plant  food — that  is,  they  increase  the  weath- 
ering of  the  rocks  and  also  add  to  some  extent  (we  do  not  know  how 
much)  nitrogen  from  the  air,  converting  it  into  some  form  in  which  it 
can  be  used  by  the  plants. 

ROTATION   OF   CROPS. 

Still  another  method  which  I  would  call  to  your  attention  by  which 
reclamation  of  these  waste  lands  can  be  realized  is  in  the  rotation  of 
<;rops.  There  is  no  question  whatever  but  that  in  general  a  rotation 
or  a  change  in  the  crops  grown  on  soils  is  of  value  in  preventing  undue 
waste  and  undue  extraction  of  certain  elements  of  plant  food  and  the 
undue  tendency  for  cultivation  in  a  particular  way,  and  unquestiona- 
bly where  intelligent  rotation  of  crops  can  be  inaugurated  it  is  one  of 
the  most  desirable  things  to  do.  There  are  instances,  however,  in 
which  the  same  crop  has  been  grown  on  the  same  land  for  many  years 
without  any  apparent  deleterious  effect.  On  the  eastern  side  of  the 
Connecticut  River,  near  Hartford,  they  have  grown  the  broad-leaf 
tobacco  continuously  for  25  years  on  the  same  land,  and  they  claim 
that  the  quality  of  the  tobacco  as  well  as  the  yield  is  as  fine  as  it  was 
At  the  beginning — even  better. 

Q.  Is  that  done  without  fertilizing? — A.  No;  that  is  with  fertilizing. 
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Q.  (By  Mr.  Farquhab.)  Why  is  it  that  the  tobacco  soils  of  Vir- 
ginia here  are  ahnost  worthless  to-day  for  raising  anything? — A.  The 
deterioration  of  the  tobacco  lands  of  Virginia  is  due  more  to  the  gen- 
eral methods  of  cultivation,  which  have  not  looked  forward  to  the 
maintenance  of  the  fertility  of  the  land  or  to  the  proper  physical  con- 
ditions. You  will  find  it  almost  universally  believed  in  Maryland  and 
Virginia  that  tobacco  is  a  very  exhausting  crop  and  has  ruined  their 
soils.  On  the  contrary,  if  you  go  to  Ohio,  or  Kentucky,  or  Pennsyl- 
vania, or  Connecticut,  you  will  find  that  it  is  the  one  crop  which  they 
value  as  a  renovator  for  their  soil.  This  is,  in  my  opinion,  due  to  the 
fact  that  they  take  so  much  care  of  their  tobacco  lands.  They  culti- 
vate them  so  carefully,  so  perfectly,  and  so  thoroughly;  they  fertilize 
them  so  heavily  in  order  to  maintain  a  good  yield  and  a  good  quality, 
that  the  land  has  actually  improved  in  spite  of  the  relatively  large 
amount  of  plant  food  removed  by  the  crop.  1  think  unquestionably  it 
is  a  matter  of  culture  rather  than  of  any  other  onelactor.  If  the  Vir- 
ginia farmers  took  as  good  care  of  their  land  as  they  do  in  other  local- 
ities there  would  be  no  suggestion  of  deterioration  of  their  soils. 
But  they  plant  tobacco  with  little  or  no  fertilizer,  or  manure,  usually 
without  much  organic  matter.  They  give  the  land  a  clean  cultivation 
and  leave  it  exposed  for  a  considerable  portion  of  the  year;  and  the 
consequence  is  that  it  is  not  maintained  in  that  vigorous  condition  in 
which  these  necessary  changes  go  on  as  they  should,  and  the  soil  is 
said  to  be  worn  out.  It  is  not  the  loss  of  plant  food;  it  is  a  change  in 
the  physical  and  chemical  condition  of  the  soil  brought  about  by  indif- 
ferent methods  of  cultivation. 

specialization  of  crops. 

One  of  the  most  impoi'tant  methods  for  the  reclamation  of  aban- 
doned and  exhausted  lands  is  in  the  specialization  of  crops.  By  this  I 
do  not  mean  the  exclusive  growing  of  one  crop  without  regard  to  all 
other  conditions,  but  I  do  mean  the  adaptation  of  the  particular  crop 
or  crops  that  the  land  is  best  suited  to,  and  specialization  in  that  par- 
ticular industry.  I  shall  cite  in  support  of  this  position  the  truck 
industry,  which  has  reclaimed  vast  areas  of  lands  in  the  Atlantic  States. 
Twenty-five  or  thirty  years  ago  the  sandy  soils  along  the  Atlantic  coast 
were  worth  about  $1  or  Jl.50  an  acre.  I  remember  myself  well  when 
they  were  worth  no  more  than  this.  By  the  introduction  of  the  truck 
crops — that  is,  the  growing  of  vegetables  for  our  early  markets — those 
lands  have  risen  in  value  until  now  they  are  the  most  valuable  soils  in 
those  States,  selling  anywhere  from  $50  to  $500  an  acre,  according  to 
their  location  with  regard  to  the  water,  freedom  from  frost,  and  in 
regard  to  the  markets  and  transportation  facilities. 

Q.  (By  Mr.  Phillips.)  You  do  not  mean  in  the  primitive  state,  but 
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that  under  a  state  of  cultivation  they  are  worth  that  amount! — A. 
Yes;  I  mean  that  the  same  land  that  was  worth  $1  an  acre  is  now  worth 
$100. 

Q.  By  reason  of  cultivation,  and  not  in  the  natural  state? — A. 
In  the  natural  state.  Any  soil  that  is  suitabl^^  located  for  truck  fann- 
ing, especially  near  the  water,  and  where  there  is  a  freedom  from  frost 
and  where  the  transportation  facilities  are  adequate,  is  worth  that  in 
its  natural  state. 

I  should  also  state  a  similar  fact  as  to  the  case  of  the  pineapple  indus- 
try in  Florida.  There  is  a  narrow  strip  of  sand  along  the  coast  in  the 
southern  part  of  the  peninsula  of  Florida  that  was  formerly  compara- 
tively worthless.  It  is  simply  beach  sand  thrown  up  by  the  tide  in 
former  times,  and  is  in  a  ridge  about  15  or  20  feet  high.  It  is  white, 
like  glass  sand,  and  to  the  Northern  farmer  would  be  just  as  baiTen 
and  unpromising  as  anything  could  be.  By  the  introduction  of  pine- 
apples these  lands  Save  been  redeemed,  and  a  very  fine  variety  of  pine- 
apple can  be  grown  upon  them.  They  are  worth  now  anywhere  from 
$200  to  $1,000  an  acre,  according  as  to  whether  they  are  set  in  pine- 
apples or  whether  they  are  wild  lands.  Even  the  wild  lands,  covered 
with  the  native  jungle,  will  sell  now  for  from  $100  to  $200  an  acre 
when  favorably  located.  I  know  of  no  more  striking  illustration  of 
the  possibility  of  specialization  in  the  reclamation  of  waste  and  aban- 
doned lands  than  this  instance  of  the  pineapple  industr}'^  of  Florida. 

Q.  Are  they  fertilized ? — A.  Fertilized  very  heavily.  The  sand  is 
used  simply  as  a  medium  apparentl^'^  for  the  fertilizers  that  are  put  on. 
They  would  be  of  no  value  for  geneml  crop,  but  are  of  exceptional 
value  for  this  one  crop,  because  there  is  no  other  soil  which  can  com- 
pare with  them  in  the  possibilities  of  growing  pineapples  of  the  supe- 
rior quality'  that  is  grown  on  them. 

Q.  That  strip  is  in  the  southern  portion  of  the  State,  is  it  not; 
below  Palm  Beach? — A.  Just  above  Palm  Beach.  It  begins  about 
there.     It  extends  from  Jensen  down  to  Palm  Beach. 

I  would  also  cite  the  case  of  the  bright-tobacco  industry  in  the  South. 
Many  areas  that  were  formerly  of  little  value  and  considered  very 
unproductive  have  been  developed  by  the  introduction  of  that  indus- 
try and  are  now  worth  more  than  they  were  formerly,  and  are  the 
most  productive  and  valuable  lands  in  that  section.  In  this  case,  also, 
it  is  a  special  adaptation  of  a  particular  kind  of  crop  to  a  particular 
soil.  The  bright  tobacco  can  not  be  grown  successfully  on  all  soils. 
It  is  confined  to  certain  soils  with  certain  peculiarities,  and  they  hap- 
pen frequently  to  be  conditions  which  are  unfavorable  for  the  general 
agricultural  crops,  fortunately. 

I  would  cite  another  instance  of  the  cultivation  of  tobacco  in  the 
Connecticut  Valley.  On  the  light,  sand}'  soils  a  fine  grade  of  wmpper 
leaf  is  produced  which  can  not  be  grown  on  the  tobacco  lands  of 
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Pennsylvania  or  of  Maryland.  It  is  confined  to  that  one  locality  of 
the  Connecticut  Valley  and  the  Housatonic  Valley,  and  is  a  special 
industrj''  that  seems  to  be  adapted  to  that  place.  The  introduction  in 
1865  of  the  Sumatra  tobacco  from  the  island  of  Sumatra  has  had  an 
effect  upon  the  tobacco  industry  of  the  Connecticut  Valley.  The  fine 
texture  and  fine  veins  and  the  working  qualities  of  this  Sumatra  tobacco 
have  been  so  appreciated  by  the  cigar  manufacturers  that  it  has  been 
imported  in  increasing  amounts  ever  since  in  spite  of  the  revenue  duty 
of  $1.85  per  pound  on  all  that  is  brought  into  this  country.  In  other 
words,  the  cigar  manufacturers  prefer  paying  $2.50  or  $3  a  pound  for 
Sumatra  tobacco  to  paying  18  cents  or  20  cents  for  the  Connecticut 
leaf,  although,  as  far  as  quality  goes,  the  Connecticut  leaf  is  pre- 
ferred by  many.  Now,  it  has  seemed  to  me  that  the  industry  in  the 
Connecticut  Valley  was  threatened.  The  trade  wants  this  Sumatra 
type  of  tobacco,  and  have  been  giving  but  a  low  price  for  the  Con- 
necticut leaf.  One  dollar  a  pound  is  paid  for  the  Sumatra  and  $1.85 
a  pound  is  paid  as  duty  upon  it.  We  take  only  the  best  that  the}^ 
have,  and  there  is  more  and  more  a  feeling  against  the  use  of  the 
domestic  leaf. 

Realizing  this  condition  and  the  necessity  of  successfully  competing 
with  the  Sumatra  tobacco,  the  Department  of  Agi'iculture  two  or  three 
years  ago  looked  around  for  the  possibility  of  raising  a  Sumatra  tobacco 
in  this  country  which  would  prevent  the  importation  of  such  large 
quantities  from  that  island,  and  we  decided  to  try  a  particular  soil  in 
the  Connecticut  Valley. 

I^ast  year  we  procured  some  Sumatra  seed  and  planted  it  under  a 
shed.  This  shed  was  erected  at  a  height  of  about  9  feet,  and  was  covered 
with  cheese  cloth  so  as  to  partially  protect  the  plants  from  the  sun  and 
maintain  a  very  quiet  and  humid  air.  The  tobacco  was  grown  and 
cured  by  the  methods  used  in  Florida  and  in  Sumatra  and  Cuba — a 
combination  of  the  difl'erent  methods — and  it  was  pronounced  by  experts 
in  New  York  and  Philadelphia  to  be  fully  equal  to  the  Sumatra  leaf 
that  is  imported.  We  confidently  expect  to  be  able  to  establish  an 
industry  in  the  Connecticut  Valley  upon  certain  soils  adapted  to  this 
very  fine  leaf,  in  which  we  hope  to  be  able  to  successfully  compete 
with  the  Sumatra  tobacco,  which  we  import  to  the  extent  of  $6,000,000 
a  year  in  addition  to  the  duties. 

Q.  Could  it  be  profitably  produced  by  covering  the  ground  with 
canvas  as  you  describe? — A.  Yes;  the  profits  are  good. 

Q.  Could  it  be  produced  without  the  covering? — A.  No;  that  is 
necessary  in  order  to  change  the  climatic  conditions  to  get  the  par- 
ticular growth  that  we  want.  Even  with  the  expense  of  $500  an  acre, 
which  we  estimate  for  the  first  cost,  the  profits  are  likely  to  be  large. 
We  estimate  this  year  $1,400  worth  of  tobacco  from  our  experimental 
crop  of  one-third  of  an  acre.  — 
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Q.  Have  you  sought  any  lands  in  the  South  where  the  climatic  con- 
ditions would  be  somewhat  similar  to  those  of  Sumatra  without  the 
canvas? — A.  Yes;  some  Sumatra  leaf  is  being  grown  in  Florida,  and 
the  growers  are  getting  large  yields.  Their  finest  wrappers  are  bring- 
ing from  $2  to  iH  a  pound. 

Q.  They  raise  it,  then,  without  canvas? — A.  No;  with  canvas  there 
also.  The  climatic  conditions  during  the  growing  season  are  not  very 
different  in  Connecticut  and  in  Florida.  It  is  the  same  hot,  tropical 
weather. 

Q.  (By  Mr.  Clarke.)  Is  that  cheese  cloth  strong  enough  to  pro- 
tect the  leaves  from  hail? — A.  There  is  no  ill  effect  from  hail,  except 
possibly  an  exceptional  storm.  There  is  no  injury  from  wind  or  from 
insects  or  worms  of  any  kind.  The  protection  is  carried  all  the  way 
down  the  sides.  There  is  a  gate  with  an  opening  for  men  and  teams. 
It  is  entirely  covered  with  canvas,  and  it  is  a  perfect  protection  against 
all  extraneous  conditions. 

Q.  (By  Mr.  Phillips.)  It  would  be  liable  to  destruction  by  storm, 
would  it  not? — A.  In  a  very  severe  storm  such  sls  they  had  two  or 
three  years  ago  in  Florida,  where  one  of  those  Gulf  towns  was 
destroyed  })y  the  floods  that  came  up,  they  were  destroyed  to  a  con- 
sidemble  extent;  but  ours  in  the  Connecticut  Valley  last  year  with- 
stood the  most  severe  storms.     Any  ordinary  storm  has  no  effect  on  it. 

Q.  (By  Mr.  Clarke.)  Can  you  give  the  expense  of  constructing  and 
maintaining  these  canvas  coverings? — A.  The  first  cost  is  between 
¥200  and  $500  an  acre.  That  seems  rather  a  wide  margin,  but  it 
depends  on  the  cost  of  the  lumber.  In  the  South,  where  they  have 
the  sawmills  right  on  the  place  and  where  lumber  is  cheap,  it  costs 
about  $200  an  acre  for  the  shed.  In  the  North  it  will  not  exceed  $500 
an  acre,  and  the  shed  will  last  about  five  years.  The  cheese  cloth  will 
cost  about  $100  an  acre,  and  has  to  be  renewed  each  year. 

Q.  (By  Mr.  Phillips.)  Is  it  taken  down  in  the  winter  season? — A. 
The  cheese  cloth  is  hardly  worth  preserving. 

Q.  (By  Mr.  Clarke.)  Are  those  coverings  for  each  row  or  are  they 
broad  enough  to  cover  scvei*al  rows? — A.  The  covering  goes  entirely 
over  the  field.  It  is  9  feet  high,  so  that  hoi'se  cultivation  is  carried  on 
under  the  shed  just  as  it  would  be  in  the  open  air.  It  may  be  a  10- 
acre  field  or  it  may  be  a  30-acre  field,  but  the  entire  field  is  covered. 

Q.  Like  a  great  greenhouse,  then  ? — A.  It  has  the  effect  of  a  great 
greenhouse.  The  sunlight  and  the  sun  heat  is  very  much  reduced  and 
modified,  and  the  air  is  a  stagnant  and  moist  air,  humid,  because  there 
is  no  wind  to  carry  off  the  moisture  or  change  the  air.  The  condi- 
tions there  are  really  tropical.  The  plants  keep  on  growing,  and  in 
the  Connecticut  Valley  they  went  right  up  to  the  top  of  the  roof;  that 
is,  they  were  9  feet  high. 

Q.  (By  Mr.  Kennedy.)  What  is  the  ordinary  height  of  tobacco 
plants? — A.  Ordinarily,  about  4  feet. 
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Q.  (By  Mr.  Phillips.)  This  cheese  cloth  does  not  prevent  the  rain 
going  through? — A.  No;  it  does  not  prevent  the  rain,  but  it  does  pre- 
vent evaporation,  and  it  conserves  the  moisture  so  that  the  crops  do 
not  suffer  as  much  from  drought  as  they  do  on  the  outside.  It  is  also 
a  protection  against  frost.  Indeed  a  covering  of  the  kind  described 
has  been  used  very  successfully  in  the  cultivation  of  pineapples  in 
Florida  to  protect  them  against  frost.  It  seems  to  be  a  method  that 
is  coming  into  very  extensive  use  in  the  protection  of  crops  under 
intensive  farming.  In  the  production  of  truck  crops  it  is  getting  to 
be  used  extensively  to  protect  them  from  frost  and  to  maintain  humid 
conditions  and  protect  from  drought  on  the  sandy  soils. 

Q.  In  a  very  large  per  cent  of  these  the  flavor  is  due  to  the  direct 
rays  of  the  sun.  For  instance,  strawberries  would  not  be  market- 
able raised  under  such  conditions? — A.  No;  I  should  not  think  straw- 
berries would.  There  is  some  sunlight  under  the  cloth  covering,  but 
it  is  not  so  intense.  It  is  the  intense  sun  in  the  middle  of  the  day 
that  hurts  some  of  our  tender  vegetables,  unless  they  have  plenty  of 
moisture.  Covered,  they  have  the  sunlight,  but  it  is  diffused  and  not 
so  intense  as  it  is  outside. 

The  commission  is  well  aware  of  the  important  part  celery  has  played 
in  the  reclamation  of  many  areas  of  formerly  wet,  mucky  lands  in 
many  parts  of  the  country;  also  the  importance  of  the  fruit  industry 
in  the  reclamation  of  what  we  considered  worthless  or  abandoned 
lands. 

The  introduction  of  peach  culture  in  western  Maryland  has  created 
an  industry  there  on  some  of  the  soils  which  were  formerly  of  little 
or  no  value,  and  where  they  are  now  worth  anywhere  up  to  $1,000  an 
acre.  The  location  and  the  character  of  the  soil  has  made  it  possible 
to  produce  a  late  peach  which  does  not  come  into  competition  with  the 
peaches  from  the  Eastern  Shore  and  southern  Maryland,  and  which 
has  a  veiy  fine  color  and  a  splendid  flavor.  These  soils  are  of  no  value 
for  general  farm  purposes,  but  they  are  particularly  adapted  to  the 
production  of  peaches  which  ripen  late,  and  which  have  a  good  flavor 
and  a  bright  color. 

The  commission  is  also  aware  of  the  success  of  grapes  and  vineyard 
culture  on  gravelly  soils,  and  it  will  hardly  be  necessary  to  dilate  on 
the  importance  of  this  crop  as  a  means  of  reclaiming  such  areas.  The 
most  valued  soils  along  the  Rhine  are  frequently  so  destitute  of  soil 
covering  that  they  have  to  be  maintained  by  stonework,  and  on  these 
very  gmvelly  soils  the  finest  varieties  of  grapes  have  been  produced. 
Over  a  large  class  of  soils,  particularly  in  rocky  and  stony  areas,  fruit 
trees  and  grapevines  have  been  found  a  most  important  means  of 
reclaiming  otherwise  worthless  lands. 

There  is  one  consideration,  of  course,  in  the  production  of  fruit 
which  must  always  be  considered,  and  that  is  the  possibility  of  mar- 
keting.   That  problem  has  been  solved  to  a  considerable  extent  by 
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the  possibilities  of  marketing  the  fruit  in  a  dried  or  canned  condition,, 
and  the  exportation  of  dried  fruit  is  to-day  a  matter  of  the  greatest 
importance,  and  one  that  is  increasing  in  magnitude^  especially  on  the 
Pacific  coast,  where  large  and  increasing  quantities  of  fruit  are  being 
consigned  to  China  and  Japan. 

REFORESTATION,  PROTECTION   FROM  FIRES,  ETC. 

Another  important  means  for  the  reclamation  of  poor  or  abandoned 
lands  is  in  reforestation  and  protection  from  fii'es  and  jt  more  rational 
method  of  cutting  the  timl)er.  This  is  a  subject  which  is  being 
investigated  in  the  Department  of  Agriculture,  where  we  have  our 
Division  of  Forestry  concerning  itself  with  this  one  problem;  and  it 
is  one  of  the  important  problems  applicable  to  areas  in  which  there 
seems  at  present  to  be  no  other  means  of  improving  the  land. 

THRIFTY   BUSINESS  METHODS. 

The  question  of  thrifty  methods  and  efficiency  of  labor  is  one  that 
is  very  hard  to  deal  with.  I  can  not  understand  how,  by  education  or 
by  legislation  or  in  any  other  wa}^  thrifty  methods  can  be  introduced 
into  certain  areas  that  are  at  present  of  little  value  simply  because 
the  methods  are  not  good.  Under  present  conditions,  I  do  not  think 
that  any  education  would  make  farnung  in  southern  Maiyland  atti'act- 
ive  to  a  young  man.  It  would  be  discouraging,  no  matter  what  kind 
of  education  he  had,  for  him  to  go  back  and  live  under  the  conditions 
that  prevail  there  at  the  present  time.  The  social  conditions  are  such 
that  he  can  not  work  with  his  own  hands,  and  he  does  not  have  the 
intelligent  or  efficient  labor  to  organize  and  carry  out  his  ideas.  He 
is  confronted  from  the  start  with  conditions  that  are  almost  hopeless 
for  the  introduction  of  new  methods  and  of  new  crops  on  a  scale  com- 
niensumte  with  the  importance  of  the  work  and  the  facilities  at  his 
command. 

Q.  Is  the  negro  population  very  numerous  in  southern  Maryland? — 
A.  It  is  quite  large.  It  is  the  principal  but  not  the  only  labor,  and 
not  nearly  so  large  as  it  is  farther  south.  In  my  opinion  the  impor- 
tiince  of  reclaiming  large  areas  of  lands  is  indicated  by  the  necessity  of 
more  thrift}'  methods  and  more  businesslike  plans  than  they  have  at 
the  present  time  in  the  selection  of  industries  and  in  the  cultivation  of 
crops. 

Another  very  necessary  means  to  the  reclamation  of  lands  is  busi- 
ness methods  and  organization  in  the  marketing  of  crops.  The  success 
of  the  truck  industry  in  Norfolk  is  largely  due  to  the  splendid  organi- 
zation and  to  the  means  by  which  the  truck  farmers  place  their  crops 
in  certain  markets,  according  as  the  demand  may  be  greater  in  one  or 
the  other.  This  is  an  essential  thing  in  truck  farming,  because  the 
vegetables  can  not  be  held  over,  but  must  be  marketed  or  sold  as  soon 
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they  reach  maturity,  and  they  have  to  be  sold  for  what  they  will 
bring.  The  organization  of  growers  gets  regular  daily  returns  of  the 
m&rket  conditions  in  different  cities,  and  they  are  able  to  divide  their 
crops  and  to  send  a  certain  portion  to  this  market  or  to  that,  accord- 
ing as  they  think  the  conditions  will  stand.  It  seems  to  me  that  this 
organization  and  the  introduction  of  these  business  methods  are  the 
most  important  factors  in  the  reclamation  of  abandoned  areas  and  the 
introduction  of  new  crops. 

IRRIGATION. 

The  commission  is  of  course  quite  well  aware  of  the  method  of 
irrigation  which  has  been  so  important  in  the  reclamation  of  ceilain 
areas  in  the  West.  Unfortunately,  about  all  of  the  available  water 
has  been  already  appropriated  and  is  nearly  all  in  use. 

Q.  (By  Mr.  Kennedy.)  Is  that  true?  Governor  Steunenberg,  of 
Idaho,  told  me  a  week  ago  last  Sunday  that  the  possibilities  of  the 
Snake  River  for  irrigation  puiposes  were  wonderful,  saying  they  had 
not  begun  to  use  the  water  of  the  stream  up  to  its  full  capacity. — A. 
That  is  so  in  certain  cases.  It  is  so  in  the  case  of  the  Yellowstone 
River  also.  But  nearly  all  of  the  water  in  California  and  in  Wash- 
ington and  in  certain  portions  of  Arizona  and  in  the  Pecos  Valley  in 
New  Mexico  is  now  used  to  its  fullest  extent.  There  are  other  areas 
in  Montana  and  in  Idaho  and  in  Wyoming  where  there  is  still  some 
available  water,  but  as  a  general  statement  it  may  be  said  that  the 
available  waters  are  already  appropriated  and  in  use,  except,  as  I  was 
going  to  say,  such  as  may  be  added  by  the  construction  of  reservoirs 
for  the  storage  of  waste  waters. 

Q.  (By  Mr.  Phillips.)  There  are  very  large  possibilities  in  that 
regard,  are  there  not?— A.  Yes;  it  is  estimated  that  about  74,000,000 
acres  can  be  irrigated  by  the  construction  of  reservoirs. 

Q.  (Bj'^  Representative  Bell.)  What  are  the  possibilities  of  the  irri- 
gated soil? — A.  They  are  very  great  for  special  crops,  but  they  are 
not  so  very  great  for  our  genei*al  crops.  For  instance,  it  no  longer 
pays  to  irrigate  wheat.  The  principal  crops  are  the  fruit  crops  of  all 
kinds,  and  alfalfa  for  stock  feeding,  and  special  industries  of  that 
kind.     With  these  special  industries  the  possibilities  are  enormous. 

The  average  cost  of  placing  land  under  irrigation,  as  shown  by  the 
last  census,  was  $12.12  per  acre,  and  the  annual  cost  thereafter  of 
maintaining  the  water  was  $1.07  per  acre  of  the  public  lands.  Newell 
estimates  that  74,000,000  acres  are  capable  of  being  irrigated.  The 
cost  of  the  opening  of  this  area,  taking  the  avemge  of  previous 
experiments,  would  be  $897,000,000.  But  as  the  methods  of  applying 
the  water  to  the  land  heretofore  have  been  the  simplest  possible,  the 
cost  per  acre  has  been  much  less  than  the  cost  will  be  in  the  new  areas 
that  are  to  be  taken  up,  where  the  water  must  be  stored  and  carried 
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over  long  distances.  For  the  storage  of  water  under  the  most  favor- 
able conditions  in  Arizona  Mr.  Lippincott  estimates  the  cost  at  $4.30 
per  acre-foot,  and  as  at  least  5  acre-feet  of  it  must  be  stored  for  each 
acre  in  order  to  provide  for  two  or  three  seasons  of  low  water,  the  cost 
would  be  about  $21.50  per  acre.  I  would  call  your  attention  to  the 
basis  of  this  calculation.  It  assumes  that  all  of  the  land  that  could  be 
watered  by  the  storage  reservoir  shall  be  actually  taken  up  and  put 
under  water.  If  only  half  of  that  ai'ea  is  taken  up,  the  cost  would  be 
twice  as  great  per  acre;  if  only  a  quarter,  it  would  be  four  times  as 
great,  and  so  on.  So  this  cost  that  is  given  in  the  estimates  of  the 
irrigation  engineei's  is  the  cost  provided  all  the  land  possible  should 
be  taken  up  and  put  under  water  and  the  rate  per  acre  was  paid  in  to 
the  canal  company. 

Q.  What  would  be  the  value  of  this  land  after  it  was  put  under 
water? — A.  It  would  be  from  $60  to  $100  an  acre. 

Q.  (By  Mr.  Phillips.)  Notwithstanding  the  cost  of  maintaining  the 
water  afterwards? — A.  Yes. 

Q.  (By  Mr.  Kennedy.)  In  what  localities? — A.  Through  the  arid 
regions.  This  example  was  in  Anzona.  Lands  in  Utah  are  worth 
from  $60  to  $100  an  acre;  and,  set  out  in  good  varieties  of  fruit  orchards, 
anywhere  up  to  $1,000  an  acre.  In  southern  California  lands  are  worth 
generall}^  from  $50  to  $100  an  acre,  but  many  of  their  orchards  are 
worth  from  $1,000  to  $2,000  an  acre. 

Q.  (By  Mr.  Phillips.)  That  would  be  when  they  were  fruit  bear- 
ing?— A.  Fruit  bearing,  yes;  in  fine  varieties  of  fruit  The  diflScul- 
ties  in  the  way  of  the  extension  of  irrigation  by  the  construction  of 
storage  reservoii^s  are  the  alkali  and  the  silt  in  the  water.  There  is  no 
question  that  the  amount  of  alkali  in  the  water  is  a  very  serious  factor 
in  many  localities.  In  the  Pecos  Valley  it  has  been  found  that  the 
alkali  increases  in  amount  as  they  go  down  the  valley  to  such  an  extent 
that  in  the  lower  part  of  the  valley  the  water  is  entirely  unfit  for  crops. 
In  the  storage  reservoir  in  which  water  is  stored  above  the  town  of 
Carlsbad  the  evaporation  is  so  great  that  the  salts  become  concentrated 
in  the  water,  and  at  the  end  of  a  long  dry  season  the  water  is  too  salty 
to  be  applied  safely  to  the  land.  This  region,  by  the  way,  has  the 
highest  evaporation  of  any  place  in  the  United  States — approximately 
so.  Considerable  trouble  has  been  experienced  also  and  losses  have 
been  encountered  by  the  storage  of  alkali  waters  in  California,  par- 
ticularly in  southern  California. 

Q.  Is  that  water  obtained  in  the  hills  and  mountains  or  from  the 
rivers?  Do  you  not  get  pure  water  from  the  mountain  streams? — A. 
Yes;  and  the  water  in  Utah  is  very  pure  because  there  are  short  rivers 
that  come  right  down  from  the  snow-clad  mountains  and  deliver  pure 
water;  but  in  the  Pecos  Vallev  the  water  travels  200  or  300  miles  from 
the  mountains  and  gathers  up  these  salts  as  it  goes  along.     The  Pecos 
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River  is  entirely  taken  up  about  6  miles  above  the  town  of  Carlsbad, 
and  6  miles  below  the  reservoir  the  stream  has  about  the  same  flow 
that  it  has  above  the  reservoir.  Frequently  out  in  the  Western  lands 
the  water  is  entirely  used  up  before  it  gets  down  the  whole  course  of 
the  river,  going  out  in  seepage  and  flowing  again  into  the  river  after 
it  has  been  applied  to  the  land.  By  the  time  it  gets  down  to  its  mouth 
the  water  is  pretty  salty. 

There  is  another  diflSculty  in  the  storage  of  water  in  reservoirs  that 
is  particularly  troublesome  in  some  areas  in  the  West;  that  is,  the 
amount  of  silt  carried  by  the  waters.  In  our  work  in  Arizona,  where 
the  waters  are  very  heavily  laden  with  silt,  we  found  a  soil  that  has 
been  recognized  as  a  distinct  type,  which  is  undoubtedly  a  sediment 
left  by  the  irrigation  of  some  prehistoric  race.  The  old  canal  systems 
are  there  and  the  old  irrigation  works  and  the  remains  of  the  houses, 
indicating  that  irrigation  was  carried  on  in  some  prehistoric  time,  and 
the  evidences  show  that  this  is  simply  a  deposit  of  sediment  or  mud 
from  the  rivers.  The  amount  of  sediment  is  so  great  that  the  people 
now  have  great  difficulty  in  maintaining  their  canals.  They  have 
already  dug  it  out  and  piled  it  up  as  far  as  they  can  throw  it,  and  it  is 
a  serious  question  now  what  they  are  going  to  do  with  the  canals  in 
certain  areas  of  the  Salt  River  Valley  in  order  to  keep  them  open.  It 
is  very  generally  believed  that  reservoirs  will  quickly  fill  up  with  the 
silt  in  such  districts  as  that  unless  special  precautions  are  taken  to  keep 
them  open;  and  that  is  an  engineering  feature  that  has  not  yet  been 
satisfactorily  solved.  In  other  localities  there  is  no  trouble  with  this 
silt,  as  the  waters  do  not  carry  any  great  amount.  Even  if  we  get 
water  that  is  free  from  silt  and  an  absence  of  salt,  there  is  the  further 
danger  of  seepage  waters  and  the  accumulation  of  alkali  in  the  soils, 
as  I  have  already  stated. 

Q.  This  accumulation  of  alkali  is  only  in  arid  countries?  There  is 
no  alkali  to  speak  of  in  the  Appalachian  Range,  is  there? — A.  No; 
because  the  drainage  is  so  great.  So  much  rainfall  comes  down  that 
it  is  carried  off.  The  alkali  is  the  natural  weathering  of  the  rocks, 
resulting  from  their  disintegration. 

Q.  Peculiar  to  arid  regions? — A.  Yes;  although  we  have  it  here  in 
the  East  occasionally.  The  mineral  springs  that  we  have  are  due  to 
nothing  more  nor  less  than  the  decomposition  of  the  rocks,  and  the 
same  cause  accounts  for  the  alkali  in  the  Western  States.  It  is  the 
weathering  of  the  rocks  being  carried  off  by  the  water.  In  the  West 
these  decomposed  rocks  accumulate  in  the  soil  and  stay  there.  Our 
iron  springs  and  our  alum  springs  and  mineml  springs  generally  are 
the  products  of  the  weathering  of  the  rock  being  carried  off  b}^  the 
water.  But  we  get  no  such  accumulations  here  as  they  get  in  the 
West,  simply  because  we  have  40  inches  of  rainfall  here,  20  inches  of 
which  goes  down  through  the  ground  and  is  carried  off  in  the  rivers. 
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Out  there  we  have  a  very  small  rainfall,  only  about  6  per  cent  of  which 
ever  goes  off,  and  then  usually  over  the  surface  of  the  ground. 

In  the  considemtion  of  irrigation  as  a  means  for  the  reclamation  of 
lands,  I  would  call  the  attention  of  the  commission  to  the  necessity  of 
uniform  State  laws  and  the  possibilities  of  national  legislation.  There 
are  certain  phases  of  this  subject  which  will  undoubtedly  have  to  be 
taken  up  by  the  National  Congress,  particularly  with  interstate  streams 
and  where  the  streams  form  the  boundaries  of  adjoining  States.  But 
as  the  Department  of  Agriculture  has  a  distinct  division  for  the  study 
of  irrigation  and  its  laws  and  methods,  it  would  hardly  be  advisable 
for  me  to  go  into  it  at  any  great  length.  My  own  connection  with  the 
matter,  however,  in  our  study  of  the  soils  and  of  the  seepage  waters 
and  alkali  has  convinced  me  that  it  will  be  necessary  to  use  more  care 
in  the  application  of  water,  not  only  conserving  it  for  use  elsewhere, 
but  to  protect  from  the  injurious  effects  of  overirrigation  and  the 
accumulation  of  seepage  water  and  of  alkali.  I  think  it  is  safe  to  say 
that  in  nearly  all  the  irrigated  districts  twice  as  much  land  could  be 
irrigated  with  the  water  that  is  now  used,  with  actual  benefit  to  the 
soil,  provided  it  was  intelligently  applied. 

I  would  also  refer  again  to  the  matter  that  1  spoke  of  a  while  ago; 
that  is,  the  necessity  of  legislation  in  the  case  of  soils  damaged  by  the 
accumulation  of  seepage  water  and  of  alkali  from  leaky  ditches  and 
from  overirrigation  on  neighboring  farms.  It  seems  to  me*  that  a 
remedy  of  some  kind  must  be  worked  out.  It  hardly  seems  fair  or 
just  that  a  person  owning  a  piece  of  land  which  he  has  planted  and 
cared  for  and  upon  which  he  uses  the  most  careful  and  most  intelligent 
means,  should  be  allowed  to  be  injured  by  a  seepage  from  a  canal  or 
from  the  careless  methods  employed  on  a  neighboring  farm.  It  seems 
to  me  that  either  through  State  or  national  legislation  recourse  should 
be  given  for  the  recovery  of  damages  in  civil  suits. 

DRAINAGE. 

The  next  method  to  which  I  would  call  your  attention  for  the 
reclamation  of  lands  is  the  subject  of  drainage.  There  are  many  areas 
of  swamp  lands  and  still  larger  areas  of  cold,  wet  clays  in  the  United 
States  that  are  unproductive  or  have  been  abandoned  from  a  small 
accumulation  of  water  which  needs  to  be  removed  b}'^  artificial  means. 
It  is  claimed  that  one-fifth  of  the  State  of  Michigan  is  swamp  lands. 
The  report  of  the  Illinois  board  of  agriculture  for  1894  states  that 
during  1893 — that  is,  in  one  year — there  was  laid  in  the  State  of 
Illinois  alone  26,985,000  feet  of  tile  drains.  Of  this,  18,310,000  feet 
were  laid  in  the  northern  part  of  the  State,  8,607,000  feet  in  the 
central  part,  and  the  remainder  in  the  southern  part.  In  the  north 
there  were  28  feet  of  tile  to  each  acre  cultivated.  In  the  central  part 
there  were  29  feet  of  tile  for  each  acre  cultivated,  and  in  the  soutliern 
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part  1  foot  of  tile  for  each  acre  cultivated.  In  Douglas  County  there 
were  85  feet  of  tile  for  every  acre  of  cultivated  land,  and  in  Livingston 
County  78  feet  to  each  acre.  In  the  eastern  part  of  Livingston  County 
is  found  the  Vermilion  Swamp.  As  late  as  1880  lands  could  be  pur- 
chased there  for  $3  to  $6  per  acre;  the  same  lands,  which  have  since 
been  drained,  are  now  valued  at  from  $60  to  $90  per  acre  for  general 
farm  purposes.  As  a  result  of  this  widespread  system  of  drainage  as 
practiced  in  Illinois  and  in  Michigan,  the  swamp  lands  have  become 
the  most  productive,  the  healthf  ulness  of  the  vicinity  has  been  much 
improved,  and  the  public  roads  have  been  kept  in  much  better  repair. 
The  drainage  laws  of  Illinois,  and  in  fact  of  most  of  the  States  where 
drainage  is  practiced  to  a  considerable  extent,  are  very  complete  and 
deal  with  all  phases  of  the  question,  from  the  rights  and  liabilities  of 
the  drainage  commissioners  of  the  district  down  to  the  minute  details 
which  concern  the  individual.  It  seems  to  me  that  this  question  of 
drainage  legislation  is  one  of  the  important  questions,  at  least  for  the 
Western  country. 

Q.  What  State  has  the  best  laws  as  to  drainage? — A.  My  opinion 
is  that  Illinois  has  the  most  complete;  Illinois,  Michigan,  Ohio,  Wis- 
consin, Minnesota,  and  New  York. 

As  a  result  of  our  soil  investigations  in  the  Salt  Lake  Valley  last 
year,  we  found  that  it  would  be  quite  possible  to  reclaim  the  large 
tract  of  salt  land  west  of  Salt  Lake  City,  and  perhaps  that  this  should 
be  done  by  the  people;  but  it  was  apparent  in  the  firat  place  that  if  it 
were  done  it  would  have  to  be  done  by  private  enterprise,  as  the  State 
was  debarred  by  its  own  constitution  from  taking  any  part  in  internal 
improvements  of  that  character,  as  is  done  in  Minnesota  and  in  some 
of  the  Central  Western  States.  It  was  further  found  that,  by  reason 
of  the  lack  of  any  dminage  laws,  it  would  be  almost  impossible  to  drain 
any  considerable  part  of  that  area  without  getting  the  written  consent 
of  every  individual  landowner  who  would  be  in  any  way  affected;  and 
strange  as  it  may  seem,  it  was  not  found  possible  to  get  such  consent 
in  the  attempts  that  have  been  made. 

PKOTECnON   BY   LEVEES. 

Another  method  for  the  protection  and  reclamation  is  by  levees  for 
protection  from  floods  and  from  tide.  The  commission  of  course  is 
aware  of  the  important  work  of  the  commission  having  this  matter  in 
charge  on  the  Mississippi  River,  and  it  is  scarcely  necessary  for  me  to 
refer  to  it  at  this  time.  I  have  also  spoken  at  some  length  in  regard 
to  the  levees  protecting  the  rice  swamps  of  South  Carolina  and  adjoin- 
ing States. 

A  question  that  is  assuming  some  proportions  now  in  this  country 
is  the  possibility  of  reclaiming  the  swamps  of  the  Atlantic  and  Pacific 
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coasts.  Not  only  is  it  desirable  to  reclaim  these  lands  for  their  agri- 
cultural value,  which  it  is  admitted  would  be  great,  but  for  the  pro- 
tection, the  help,  and  the  material  welfare  of  the  surrounding  country. 
We  have  a  very  excellent  illustration  of  the  tremendous  bearing  this 
question  has  upon  the  healthf ulness  and  prosperity  of  a  community  by 
reference  to  the  conditions  prevailing  here  in  the  city  of  Washington, 
where  the  swamps  have  rendered  almost  uninhabitable,  at  least  by  the 
wealthy  and  well-to-do  people,  certain  portions  of  this  city,  and  where 
there  is  no  possible  question  that  the  cause  could  be  removed,  and  an 
appreciation  of  property  aggregating  thousands  and  thousands  of  dol- 
lars could  be  effected  simply  by  reclaiming  the  swamp  lands. 

Q.  Have  you  any  method  of  or  any  theory  concerning  the  reclaim- 
ing of  those  lands?  The  tide  comes  up  the  Potomac.  How  can  it  be 
prevented  from  overflowing? — A.  The  same  method  would  have  to  be 
used  that  is  used  in  the  rice  lands  of  the  South,  where  similar  condi- 
tions prevail.  There  should  be  a  levee  with  gates  which  will  let  the 
water  out  and  drain  the  land,  and  will  shut  when  the  tide  comes  up 
and  prevent  any  access  from  the  outside.  With  that  protection  against 
the  rise  of  the  tide,  accompanied  by  the  necessary  drainage  in  the  soil 
itself  to  carry  off  the  seepage  waters  which  come  from  the  surround- 
ing country,  the  land  could  be  reclaimed  and  put  in  a  high  state  of 
cultivation. 

This  question  has  been  asked  in  regard  to  the  possibilities  of  reclaim- 
ing many  of  the  marshes  of  Long  Island  and  of  New  Jersey  particu- 
larly. It  has  been  estimated  that  the  reclamation  of  the  marsh  lands 
in  New  Jersey  adjacent  to  Jersey  City  would  cost  something  like 
J3,000,000.  The  plans  are  under  consideration  now,  and,  in  fact, 
large  areas  have  already  been  undertaken  in  the  reclamation  of  those 
lands.  Also  along  the  coast,  particularly  in  connection  with  the  resi- 
dents on  Long  Island  and  along  the  Jersey  coast,  in  Delaware  and  in 
Maryland,  and  in  North  Carolina  and  in  Virginia,  the  disastrous  effects 
of  these  swamps  are  keenly  felt  by  the  people  who  go  there  to  spend 
the  summer  near  the  seashore.  Not  only  are  they  unpleasant,  but 
they  are  at  times  and  in  places  distinctly  dangerous  because  of  the 
prevalence  of  mosquitoes,  which  convey  malaria,  and  because  of  the 
presence  of  other  fevers  that  ate  very  fatal  or  injurious. 

A  plan  has  recently  been  proposed  to  the  Department  for  the  reclama- 
tion of  a  large  area  of  swamp  land  on  Long  Island  for  the  purpose  of 
being  able  to  treat  the  swamp  for  mosquitoes.  They  are  not  able  with- 
out enormous  expense  now  to  control  the  mosquito  pest  and  the  con- 
sequent malaria  that  has  come  to  the  locality.  They  want  to  see  if  the 
land  can  be  diked  and  subsequently  drained,  so  that  they  can  entirely 
exteiininate  the  mosquitoes  from  that  locality.  It  is  probable  that 
the  plan  will  be  carried  out. 

It  seems  to  me  that  such  work  as  that  is  primarily  for  the  individual 


EXHAUSTION   AND    ABANDONMENT   OF   SOILS.  45 

and  in  the  second  place  for  the  State.  I  hardly  see  that  the  National 
Government  has  any  interest  or  control  in  the  matter.  It  is  certainly 
not  like  the  development  of  harbor  privileges  or  the  improvement  of 
rivers,  for  it  applies  only  to  the  locality  in  which  it  is  conducted. 

Q.  (By  Mr.  Clarke.)  Areyouawareof  the  experiment  in  reclaiming 
marsh  lands  that  was  made  in  Marshfield,  Mass.  ? — A.  Not  particularly. 
Q.   There  the  dike  had  the  effect  to  close  the  harbor,  practically; 
not  but  that  there  was  sufficient  area  of  harbor  below  the  dike,  but 
the  failure  to  accumulate  a  large  body  of  water  above  that  checked 
the  passing  out  with  the  ebb  of  the  tide,  and  resulted  in  the  accumu- 
lation of  sand  bars  in  the  lower  harbor,  so  that  the  harbor  was  prac- 
tically ruined,  and  there  was  a  great  clamor  on  the  part  of  the  fishermen, 
which  finally  came  to  be  supplemented  by  that  of  cottagers  who  built 
along  the  shore  of  that  small  bay,  until,  finally,  the  legislature  was 
induced  to  cut  away  the  diking  and  abandon  the  experiment  of  reclaim- 
ing the  lands. — A.  Oh;  it  was  the  outflow  of  this  immense  volume  of 
water  that  filled  up  the  channel? 

Q.  Yes;  so  I  apprehend  that  whenever  the  experiment  is  entered 
upon  along  the  shore  anywhere  to  reclaim  the  marsh  lands  the  ques- 
tion of  harbor  rights  and  the  like  will  come  in  to  affect  the  problem 
more  or  less. — A.  There  is  no  question  that  legislation  will  be  neces- 
sary, and  it  is  likely  to  be  a  complicated  matter.  It  is  one  that  would 
affect  the  State,  however,  and  not  the  National  Government,  unless  it 
interfered,  of  course,  with  the  channels  of  the  harbor;  then  it  would  be 
a  national  matter. 

I  think  that  I  have  covered  in  these  remarks  the  principal  causes  of 
the  exhaustion  and  the  deterioration  of  soils,  as  I  view  the  question, 
and  I  have  spoken  at  some  length  in  regard  to  measures  which  should 
be  used  for  the  reclamation  of  lands.  If  I  have  left  anything  unsaid 
that  should  have  been  said,  or  if  I  should  have  made  anything  clearer, 
I  should  be  very  glad  to  answer  any  questions  that  the  commission 
may  be  pleased  to  ask. 

Q.  You  said  something  about  animalcules  in  the  soils.  Is  that  a 
comparatively  recent  discovery,  or  has  it  been  long  known  to  scientists 
that  soil  abounds  in  animal  life? — A.  It  is  comparatively  recent,  that 
is,  within  thirty  or  forty  years,  that  the  bacteria  have  been  recognized 
and  their  importance  understood. 

Q.  I  have  seen  a  statement  that  you  can  take  a  small  tract  of  soil 
which  is  very  fertile,  and  accustomed  to  produce  large  crops,  and  strike 
it  with  a  pole  persistently  until  you  kill  all  the  animal  life  that 
there  is  in  it,  and  that  the  next  year  it  would  not  bear  anything.  Is 
that  correct? — ^A.  I  do  not  think  so;  I  do  not  think  it  would  be  possi- 
ble to  kill  bacteria  in  that  way. 

Q.  (By  Mr.  Phillips.)  You  spoke  of  cultivating  bacteria.  What 
process  is  used? — A.  Certain  leguminous  crops  have  tubercles  on  their 
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roots,  which  are  found  to  contain  large  numbers  of  these  bacteria,  and 
by  inoculating  with  this  suitable  culture  medium,  they  can  be  culti- 
vated and  pure  cultures  be  made.  Such  cultures  are  for  sale  in  Ger- 
many and  to  a  limited  extent  in  this  country,  and  it  is  found  that  cer- 
tain crops  will  not  grow  unless  these  bacteria  are  in  the  soil;  therefore 
many  of  the  leguminous  crops,  for  example  clover,  will  not  grow  unless 
there  are  certain  forms  of  these  bacteria  in  the  soil,  and  by  seeding  this 
pure  culture  over  the  land,  that  is,  mixing  with  a  little  soil,  and  sow- 
ing on  the  land,  the  yield  may  be  doubled,  or  increased  even  more  than 
that. 

Q.  The  small  bulbs  are  used  in  producing  cultures  in  the  same  way  ? — 
A.  Yes;  the  tubercle  is  just  mashed  in  the  culture  medium,  so  that  the  I 

inside  is  exposed,  and  these  bacteria  get  out  and  thrive  on  this  culture 
medium. 

Q.  What  is  used  for  that  culture  medium? — A.  I  am  not  sure  what 
is  used;  I  am  not  acquainted  with  the  method  of  making  the  pure  cul- 
ture. 

Q.  (By  Mr.  Tompkins.)  That  is  similar  to  Conn's  culture  in  giving 
flavor  to  butter? — A.  To  butter  or  cheese. 

Q.  Where  is  this  culture  made  in  this  country? — A.  Some  impor- 
tant experiments  have  been  made  at  the  experiment  station  in  Alabama. 

Q.  At  Auburn? — A.  At  Auburn;  yes.  Some  of  the  most  impor- 
tant work  has  been  done  there. 

Q.  Under  whose  charge? — A.  I  do  not  recollect  now. 

Q.  (By  Mr.  Clarke.)  Can  you  ordinarily  determine  by  the  exami- 
nation of  soil  what  is  requisite  to  make  it  more  productive? — A.  No; 
you  can  not,  and  that  is  one  of  the  most  embarrassing  questions  that 
we  have  to  answer.  As  I  have  shown  in  my  testimony,  the  cause  of 
the  deterioration  is  quite  often  due  to  lack  of  good  management,  good  I 

judgment,  and  good  pi*actice  on  the  part  of  the  farmer,  but  we  can  * 

not  tell  from  a  chemical  or  physical  examination  whether  the  soil  is  || 

productive  or  not.  \V  e  can  often  tell  the  kind  of  crop  it  is  adapted  to, 
whether  it  is  a  truck  soil,  or  wheat  soil,  or  a  grass  soil,  but  whether  it 
is  fertile  in  its  condition  the  chemical  analysis  does  not  clearly  indicate. 

Q.  Recently  Mr.  Hammond,  of  South  Carolina,  a  very  intelligent 
planter  of  long  experience,  testified  before  the  commission  that  in  his 
opinion  the  use  of  commercial  fertilizers  was  an  evil  rather  than  a 
benefit,  especially  in  his  State,  and  particular!}'  because  it  led  many 
farmers  to  abandon  making  an  application  of  the  ordinary  fann  ferti- 
lizers, manures,  etc.  What  is  your  opinion  about  that? — A.  My 
opinion  is  that  in  the  main  that  is  correct;  that  the  use  of  fertilizers 
tends  to  make  the  farmer  more  shiftless  and  less  careful  in  saving  and 
in  the  cultivation  of  his  land.  Fertilizers  have  been  introduced  in 
comparatively  recent  yeai's.  There  was  never  any  trouble  for  lack  of 
fertilizers  in  the  Eastern  countries.     The  lands  there  have  been  culti- 


EXHAUSTION   AND   ABANDONMENT   OF   SOILS.  47 

vated  for  hundreds  and  thousands  of  years,  but  it  had  been  done  by 
careful  work.  The  farmers  have  saved  everything  that  came  oflf  the 
place.  They  have  saved  all  of  the  litter  and  put  that  back;  all  manure 
and  put  that  back,  and  all  excrements  and  waste  of  the  farm  and  put 
them  back  on  the  soil  and  worked  it  in;  they  have  had  small  holdings 
and  used  intensive  cultivation.  With  us,  we  have  these  large  areas, 
entirely  too  large  to  manure  with  the  ordinary  waste  from  the  farm, 
and  we  rely  on  these  commercial  fertilizers  with  no  addition  of  organic 
matter,  and  after  with  clean  cultivation.  There  is  no  question  in  my 
mind  that  much  harm  has  been  done  by  continuous  and  excessive  use 
of  commercial  f  fertilizers  without  the  intensive  methods  that  should  bo 
employed  when  they  are  used. 

Q.  Would  it  not,  in  your  opinion,  be  possible  to  reclaim  very  many 
of  the  so-called  worn -out  farms  of  Maryland  and  Virginia  by  gathering 
muck  from  the  low  places  and  subjecting  it  to  the  tread  of  live  stock, 
and  mingling  with  it  the  manure  that  ordinarily  accumulates  on  a  well- 
stocked  farm,  and  applying  that  intelligently^  to  the  various  soils  of 
those  farms? — A.  It  would  be  where  the  cost  of  the  process  would  not 
be  too  great,  but  unless  it  was  adjacent  to  the  land  it  would  not  be 
feasible.  The  cheapest  method  in  that  case  would  be  to  grow  cowpeas 
and  other  forms  of  green  manure.  There  is  no  question  if  you  adopt 
such  methods  as  that,  of  being  able  to  bring  the  land  up.  It  is  simply 
because  farmers  do  not  do  what  they  know  is  the  simplest  and  most 
efficient  thing  to  do.  There  are  lands  that  are  kept  up  in  good  shape 
just  by  the  methods  that  are  used  on  the  average  farms  which  are  in 
very  good  condition,  simply  because  they  are  attended  to  in  those 
ways. 

Q.  Have  the  farmers  of  the  West  begun  to  practice  fertilization  a 
(  great  deal  more  than  formerly  ? — A.  They  -are  not  using  fertilzers  to 

any  great  extent.     I  think  the  practice  is  increasing  a  ver}^  little,  but 
J  very  little  fertilizer  is  used  throughout  the  West  at  the  present  time. 

Q.  Is  there  not  danger  that  their  soils  will  become  comparatively 
barren  unless  something  is  done  to  restore  what  is  taken  from  them? — 
A.  There  will  be  if  the  owners  persist  in  the  cultivation  of  the  same 
crop  year  after  year,  as  is  done  now  in  Ked  River  Valley  and  in  some 
of  our  Central  States;  but  by  a  rotation  of  crops  or  by  introduction  of 
more  intensive  methods  when  the  soils  begin  to  wear  out  their  fertility 
can  be  maintained  and  improved.  Now,  they  sa}^  very  justly  that  while 
they  are  getting  12  or  15  bushels  of  wheat  to  the  acre  at  the  low  cost 
at  which  it  is  produced,  20  cents,  they  don't  care  at  all  what  becomes 
of  their  lands;  they  are  going  to  last  the  lifetime  of  the  present  gener- 
ation and  they  are  not  concerned  with  what  becomes  of  them  after 
that.  I  think  very  likely  that  that  yield  of  12  or  15  bushels  that  is 
obtained  now  in  the  Red  River  Valley  can  be  obtained  for  a  long  series 
of  years.     The  soils  are  almost  identical  with  the  fertile  wheat  lands 
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of  Russia  that  have  produced  wheat  for  a  great  many  generations,  but 
the  time  will  come,  I  presume,  when  the  yield  will  decrease  below  what 
they  are  getting  now,  and  they  will  feel  the  need  either  of  fertilizing 
the  soil  better  or  of  changing  their  crops  and  introducing  more  inten- 
sive methods  than  they  have  at  present. 

Q.  What  is  your  advice  on  the  subject? — A.  I  see  no  opportunity 
of  changing  the  methods  at  the  present  time.  It  is  a  good  deal  like 
the  arrangement  made  where  you  can  rent  range  lands  for  5  cents  an 
acre  per  year,  and  where  you  can  not  afford  to  put  much  improvement 
on  the  lands.  They  are  only  worth  $1.25  an  acre,  and  you  certainly 
can  not  spend  much  money  in  maintaining  the  fertility  of  such  lands. 
It  seems  to  me  it  is  an  economic  question;  it  is  not  an  agricultural 
question.  We  simply  can  not  afford  to  maintain  the  fertility  of  those 
lands  with  the  expense  attending  that  process  until  lands  become  more 
valuable  than  they  are  at  the  present  time. 

Q.  It  is  cheaper,  is  it  not,  to  maintain  fertility  than  to  restore  it? — 
A.  That,  of  course,  is  a  relative  matter;  it  is  more  expensive  for  us 
and  it  is  less  expensive  for  our  grandchildren. 

Q.  Have  you  investigated  the  subject  of  flowing  sewage  upon  the 
lands? — A.  I  have  not,  except  quite  incidentally.  We  have  never 
made  any  investigation  of  that  question  at  all. 

Q.  (By  Mr.  Phillips.)  What  is  the  best  green  crop  to  raise  to 
fertilize  the  land — plowing  it  down,  for  instance  ^ — A.  Clover  is  one 
of  the  best  renovators  of  the  soil  where  it  can  be  grown,  but  the  pos- 
sibilities of  growing  it  are  limited  and  the  most  generally  useful  crop 
is  the  cowpea  of  the  South. 

Q.  That  came  into  use  quite  recently? — A.  Yes;  well,  twenty -five 
years  ago  in  an  extensive  way. 

Q.  Is  it  used  to  a  considerable  extent  in  the  North  and  West? — A. 
It  is  being  used  to  a  considerable  extent  now  in  the  North. 

Q.  It  is  supposed  to  have  this  bacteria,  is  it  not? — A.  Yes;  it  has 
these  root  tubercles. 

Q.  (By  Representative  Bell.)  Have  you  ever  visited  Greeley  in 
Colorado? — A.  I  was  there  once,  six  years  ago. 

Q.  They  have  a  rotation  there  on  first  wheat;  then  they  follow  with 
alfalfa,  which  they  plow  under;  then  follow  with  potatoes,  and  in 
turn  follow  the  potatoes  with  wheat.  They  thus  grow  an  enormous 
crop  every  year.  I  think  they  make  over  40  bushels  of  wheat  there 
to  the  acre  following  those  crops. — A.  And  they  get  enormous  yields 
of  potatoes. 

Q.  Enormous.  It  is  the  best  potato  spot  in  the  world.  They 
haven't  a  rival  in  the  United  States.  I  think  they  ship  the  best  pota- 
toes to  London. 

(Testimony  closed.) 
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SOME  MUTUAL  RELATIONS  BETWEEN  ALKALI  SOILS 

AND  VEGETATION. 


THE  EFFECT  UPOE  8EEDLIE0  PLAET8  OF  CEBTAIE  COMPOEEETS 

OF  ALKALI  SOILS. 

By  Thomas  H.  Kearney  and  Frank  K.  Cameron. 

INTRODUCTION. 

Everyone  who  is  familiar  with  alkali  soils  knows  that  their  charac 
ter  varies  greatly  in  different  localities,  one  salt  or  combination  of 
salts  predominating  over  others  which  may  be  present.^  Sometimes 
sodium  carbonate,  the  dreaded  "black  alkali,'' is  relatively  abundant 
as  compared  with  the  other  soluble  soil  components.  In  other  cases 
this  salt  may  be  entirely  absent  or  present  merely  as  a  trace,  while 
one  or  more  of  the  "white  alkali"  salts,  e.g.,  sodium  chloride  or 
sodium  sulphate,  plays  the  most  important  part. 

It  is  also  known  that  these  sal tiS  are  not  all  equally  injurious  to  veg- 
etation. Sodium  carbonate,  for  instance,  is  generally  believed  to  be 
much  more  harmful  than  any  other  salt  of  common  occurrence,  owing 
probably  to  its  pronounced  corrosive  action  on  the  plant  tissues. 
Gypsum,  or  the  dihydi'ate  of  calcium  sulphate,  on  the  other  hand,  is 
harmless  and  even  beneficial  in  ordinary  cases.  Experiments  with 
solutions  of  chemically  equivalent  strength  show  very  marked  differ- 
ences in  the  action  of  different  salts  upon  plant  growth.  Hence  the 
question  whether  the  salt  forming  the  greater  part  of  the  soluble  com- 
ponents of  a  given  soil  is,  to  take  a  concrete  case,  the  very  injurious 
sodium  carbonate  or  the  relatively  harmless  sodium  chloride,  may 
often  determine  whether  that  soil  is  utterly  useless  or  quite  valuable 
to  the  farmer. 

It  becomes,  therefore,  a  question  of  great  importance  to  everyone 
who  is  concerned  with  soils  which  contain  an  appreciable  amount  of 
alkali  to  know  definitely  the  relative  harmf  ulness  of  the  salts  both 
severally  and  in  mixtures,  since  the  latter  is  the  condition  under 
which  they  almost  invariably  occur  in  nature. 

Field  observations  will  give  some  idea  of  how  the  soluble  salt  com- 
ponents compare  in  this  regard.  But  the  conclusions  are  necessarily 
somewhat  vague  and  tmsatisfactory;  for  in  the  field  and  under  the 
conditions  that  are  found  in  nature  it  is  practically  impossible  to  study 

>  See  Bulletin  No.  17»  Division  of  Soils,  U.*S.  Department  of  Agricnltnre  (1901)  • 

7 


8 

the  effect  of  any  one  soil  component.  It. is  rare  indeed  that  the 
^^ alkali"  is  composed  of  but  one  salt  or  chemical  individaal.  And, 
as  will  be  brought  out  later,  it  is  entirely  impossible  to  predicate 
anything  definite  as  to  the  action  of  a  mixtare  of  salts  upon  a  plant 
from  a  previous  knowledge  of  the  effects  produced  by  each  single  salt. 
Conversely,  it  is  equally  impossible  to  draw  conclusions  as  to  the  action 
of  any  one  of  a  mixture  of  salts  from  observations  of  the  effects  pro- 
duced by  the  mixture  it«elf. 

The  more  exact  methods  of  the  laboratory  are  necessary  in  order  to 
give  us  precise  knowledge,  and  with'this  end  in  view  the  present  inves- 
tigation was  undertaken.  It  is  not  claimed  that  the  results  so  far 
obtained  are  in  all  respects  conclusive.  The  fact  that  only  two  species 
of  plants  were  employed  in  these  first  experiments  is  sufficient  indi- 
cation that  they  are  not.  In  physiological  research  nothing  is  more 
dangerous  than  generalization  from  the  behavior  of  one  or  a  few 
species  of  plants  to  that  of  plant  life  as  a  whole.  It  is  a  well-estab- 
lished fact  that  species  differ  widely  in  their  reaction  to  a  given 
chemical  or  physical  condition.  Witness  the  fact  that  seaweeds  will 
thrive  in  water  containing  1.5  to  3  per  cent  of  sodium  chloride,  and 
that  salt  marshes,  whose  soil  is  saturated  with  water  containing  nearly 
or  quite  as  much  of  this  salt,  often  support  a  luxuriant  vegetation, 
while  the  average  crop  is  killed  by  a  much  more  dilute  solution  of 
sodium  chloride.  Certain  plants  show  a  marked  aversion  to  limestone 
soils,  while  other  species  are  almost  entirely  limited  to  soils  having 
a  high  content  of  lime.^  But  it  is  needless  to  multiply  illustrations 
of  so  familiar  a  phenomenon. 

That  a  similar  diversity  is  manifested  by  different  cultivat.ed  crops 
in  their  sensitiveness  to  various  mineral  salts  when  present  in  the  soil 
solutions  is  well  known.  Therefore  we  can  not  safely  predict,  until 
experiments  with  many  different  plants  have  been  made,  that  the 
order  of  harmf  ulness  of  the  alkali  salts  here  established  for  two  plants 
will  be  found  to  hold  for  all  or  even  many  of  those  which  are  com- 
monly cultivated  in  the  alkali  regions.  But,  as  it  is  obviously  essen-  i 
tial  to  the  satisfactory  prosecution  of  alkali  soil  work  that  a  definite 
standard  for  comparison  of  the  salts  be  established,  there  need  be  no 
further  apology  for  the  presentation  of  these  first  results  of  what  it  is 
hoped  will  become  an  exhaustive  investigation. 

In  the  progress  of  the  work  numerous  data  were  accumulated  which 
apx)eared  to  possess  a  more  than  ordinary  degree  of  scientific  interest, 
especially  as  relating  to  the  chemical  theory  of  the  dissociation  of 
electrolytes  in  solution  and  to  the  reeentlj-  published  hypothesis  that 
various  salts,  or  rather  their  dissociated  ions,  enter  into  compounds 


'  The  interesting  subject  of  *'  lime-loving"  and  '* lime-avoiding"  plants  has  been 
mnch  discnssed  by  Enropean  botanists.  It  is  sjmoptically  treated  by  Drnde 
(Handbnch  der  Pflanzengeographie,  p.  51)  and  by  Schimper  (Pflanzengeographie, 
p.  105).    The  latter  author  gives  an  extensive  bibliography. 
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with  the  protelds  of  Ihe  protoplasm  of  plants  and  animals,  which  '4on 
proteids  "  play  a  highl}^  important  part  in  life  processes  and  phenomena. 
This  aspect  of  the  subject  will  be  treated  particularly  in  discussing 
the  significance  of  the  experiments  with  mixed  solutions. 

METHODS  OP  EXPERIMENT. 
SALTS  EMPLOTBD. 

In  the  selection  of  a  series  of  salts  for  investigation  the  experience 
of  members  of  the  Division  of  Soils  in  field  and  laboratory  served  as 
a  guide.  Salts  were  used  which  have  been  determined  as  forming 
definitely  injurious  components  of  alkali  soils  and  as  occurring  in 
sufficient  quantity  to  be  of  practical  importance.  In  about  the  order 
of  their  general  abundance  in  the  Western  United  States  these  are 
sodium  chloride  (NaCl),  soAum  sulphate  (Na2S04),  sodium  carbonate 
(Na2C08),  sodium  bicarbonate  (NaHCOg),  magnesium  chloride  (MgClj), 
magnesium  sulphate  (MgS04),  and  calcium  chloride  (CaCl^).  Inci- 
dentally, experiments  were  made  with  gypsum  (CaS042H20),  calcium 
carbonate  (CaCOg),  calcium  bicarbonate  [Ca(HC0g)2],  and  with 
magnesium  carbonate  (MgCOg),  and  bicarbonate  [Mg(HC08)2],  *^ 
well  as  with  an  aqueous  solution  of  carbon  dioxide  (CO2),  the  last  in 
order  to  test  a  theory  that  suggested  itself  during  the  experiments 
with  carbonates  and  bicarbonates. 

In  preparing  and  standardizing  the  solutions  much  assistance  was 
rendered  by  Mr.  Seidell,  of  the  Division  of  Soils. 

The  solutions  were  invariably  made  with  salts  manufactured  by 
Baker  &  Adamson,  and  found  to  be  practically  chemically  pure,  dis- 
solved in  distilled  water.  ^  They  were  made  up  in  each  case  on  the 
basis  of  a  normal  solution — i.  e.,  of  a  gram-equivalent  per  1,000  c.  c.  of 

*  The  water  nsed  in  all  experiments  was  distilled  through  a  tin  worm  and  was 
collected  and  stored  in  Winchester  quart  bottles  of  practically  insoluble  glass. 
A.  oondnctivity  test  showed  this  to  be  an  nnosually  pure  water,  bat  in  order  to 
establish  this  point  beyond  donbt,  a  portion  of  this  same  water  was  redistilled 
from  glass,  the  first  and  last  portions  being  of  coarse  discarded.  A  test  of  the 
distillate  showed  it  to  possess  about  twice  as  great  conductivity  as  that  which 
had  been  distilled  only  once  from  the  tin.  A  comparison  of  cultures  of  lupines 
in  the  water  which  had  been  only  once  distilled  with  that  which  was  redistilled 
showed  practically  no  difference  in  the  amount  of  growth  made  by  the  roots.  As 
Galeotti  has  lately  shown  [Biol.  Centralbl.,  21, 329  (1901)],  the  oligodynamic  action 
of  relatively  concentrated  *  *  colloidal "  solutions  of  metals  disapx>ears  in  the  presence 
of  weak  solutions  of  electrolytes.  Thus  a  solution  of  copper  containing  1  gpram- 
atom  of  metal  per  126,000  liters  of  water  produced  no  effect  upon  Spirogyra  in 
the  presence  of  a  0.01  per  cent  solution  of  sodium  chloride,  and  a  solution  of  1 
gram-atom  of  copper  per  63,000  Htei'S  of  water  acted  only  after  twenty-four  hours, 
although  in  the  absence  of  the  electrolyte  the  toxic  effect  of  the  colloidal  copper 
solutioD  is  manifested  at  a  dilation  of  1  gram-atom  of  copi)er  per  126,000,000  liters 
of  water.  (See  footnote,  p.  50.)  Hence  it  is  practically  certain  that  in  the 
ezx)eriments  described  in  this  report  no  complications  were  to  be  feared  from  the 
possible  presence  of  a  trace  of  metals  in  the  water  used. 
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solution.    In  other  words,  in  the  case  of  monovalent  compoands,  one 
gram-molecule  was  contained  in  a  liter  of  solution,  while  in  the  ca.se  of 
bivalent  compounds,  a  half  gram- molecule  was  present.^    In  this  "way 
only  is  a  really  instructive  and  fair  comparison  of  the  effects  of  different 
salts  obtainable.     Many  experiments  made  in  times  past  in  which  eom- 
parisons  were  based  upon  simple  i)ercentages  of  solute  to  solvent  by 
weight  are  for  this  reason  of  far  less  value  than  if  normal  solutions 
had  been  employed.     In  order  to  study  comparatively  those  effects 
produced  by  different  electrolytes  which  are  not  dependent  upon 
their  respective  chemical  natures,  but  which  are  common  to  them  all 
and  due  only  to  their  active  masses  (such,  for  instance,  as  effects  due 
to  the  osmotic  pressure  existing  in  the  solution),  it  is  obviously  neces- 
sary to  take  into  consideration  the  number  of  reacting  weights  of  the 
electrolyte  introduced  and  the  amount  of  electrolytic  dissociation 
which  takes  place.     That  is  to  say,  one  must  consider  the  concentra- 
tion of  the  solution  with  respect  to  the  number  of  reacting  chemical 
equivalents,  molecules,  or  ions  which  may  be  present.     Moreover, 
attempts  to  study  comparatively  the  effects  produced  by  different 
kinds  of  ions  in  the  solution  can  only  be  mad%  by  approaching  the 
subject  in  this  manner.     But  in  all  statements  in  this  report  of  the 
concentration  of  a  given  solution  both  fractions  of  a  normal  solution 
and  parts  of  salt  to  100,000  of  solution  are  given  in  order  that  the 
results  may  be  readily  intelligible  to  readers  who  are  familiarwith 
one  or  the  other  method,  as  the  case  may  be. 

The  method  pursued  in  these  experiments  was  to  make  and  care- 
fully standardize  a  large  volume  of  a  normal  solution  of  each  salt 
and  then  dilute  to  the  required  strength  as  occasion  demanded. 

In  beginning  the  experiments  the  limit  for  each  salt  as  determined 
by  investigators  in  the  field  was  first  tried,  but  immediately  showed 
it^lf  to  be  too  high.  So  lower  and  lower  concentrations  had  to  be 
tested  until  the  critical  one  was  reached. 

PLANTS  SELECTED  FOR  EXPERIMENT. 

For  a  variety  of  reasons  the  white  lupine  {L/upimis  cJbiLs)  was 
employed  in  nearly  all  the  experiments,  although  subsequently  alfalfa 
{Medicago  sativa)  was  introduced  for  comparison.  The  lupine  has  a 
seed  of  good  size,  averaging  10  to  12  mm.  in  greatest  diameter.  As  an 
abundant  supply  of  nutritive  material  is  stored  in  the  thick  seed 
leaves,  there  is  no  danger  of  starvation  of  the  seedlings  in  experi- 
ments of  short  duration  such  as  those  here  described.  The  lupine 
seeds  germinate  readily,  sending  out  a  vigorous  radicle  with  clean, 


^Dandeno  [Bot.  (Gazette  82,  220  (1901)  J  has  recently  called  attention  to  a  oertain 
amoant  of  confasion  which  has  existed  among  both  chemists  and  phyriologists 
as  to  the  preparation  of  a  normal  solution,  and  it  has  seemed  wise  to  describe  in 
detail  the  procedure  followed  in  this  investigation. 
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bright,  white  surface.  If  the  seeds  are  germinated  in  a  proper  medinm 
(sphagnum  or  peat  moss  saturated  with  water  was  actually  employed) 
the  root  is  usually  straight  or  nearly  so.  These  characteristics  are 
important,  as  they  permit  the  easy  and  accurate  measurement  which 
is  essential  to  a  determination  of  the  amount  of  growth  made  during 
a  given  period.  The  white  lupine  has  the  further  advantage  of  being 
a  favorite  subject  for  experiment  with  plant  physiologists,  so  that 
numerous  data  for  comparison  are  available. 

In'  one  series  of  experiments  lupine  plants  were  used  which  had 
been  grown  for  eleven  days  in  a  prepared  culture  solution,  and  had 
not  only  develox)ed  a  considerable  root  system,  but  had  unfolded  two 
or  three  leaves  in  addition  to  the  seed  leaves.  In  these  plants  all  the 
processes  essential  to  the  life  of  a  mature  individual  were  undoubt- 
edly in  full  activity.  As  a  rule,  however,  a  much  earlier  stage  of 
growth  was  preferred,  as  clearly  affording  a  more  sensitive  index  of 
the  effect  of  solutions.  Experiments  with  older  plants  indicated  that 
they  are  less  delicate  registers  of  toxic  effect.  An  additional  advan- 
tage in  using  very  young  plants  is  that  they  are  practically  independ- 
ent of  the  substratum  so  far  as  food  supply  (that  is,  the  mineral 
ash  constituents)  is  concerned,  that  stored  in  the  thick  cotyledons 
answering  all  purposes.  Consequently  the  confusion  which  would 
unavoidably  arise  if  a  culture  solution  of  several  salts  containing 
the  necessary  elements  of  plant  food  were  introduced  is  avoided  by 
the  employment  of  seedlings. 

Lupine  seedlings  were  transferred  directly  from  the  sphagnum,  in 
which  they  had  germinated  twenty-four  to  forty-eight  hours  pre- 
viously, to  the  solution  in  which  the  experiment  was  to  be  made.  In 
thid  stage  of  growth  the  seed  leaves  are  still  closely  appressed  one 
to  another,  and  are  pale  yellow  in  color.  The  initial  root  is  3  to 
6  cm.  long,  and  shows  as  yet  no  indication  of  the  appearance  of  lat- 
eral branches.  Care  was  taken  to  keep  the  moss  so  wet  as  to  preclude 
a  normal  development  of  root  hairs ;  and  in  this  respect  the  result 
would  be  the  same  if  the  radicles  had  been  immersed  in  water  imme- 
diately after  germination.  It  was  desired  to  render  as  slight  as  possi- 
ble the  change  of  conditions  in  transferring  from  one  medium  to  the 
other.  There  is  every  reason  to  believe  that  under  these  circum- 
stances the  amount  of  injury  sustained  by  the  plants  as  a  result  of  the 
change  of  substratum  was  reduced  to  a  minimum.^ 

*  Wolf  demonstrated  [Landwirthsch.  Versnch>  st. ,  6, 203.  ( 1864)  ]  that  plants  whioh 
Had  been  grown  in  soil  until  a  considerable  root  system  was  developed  and  then 
shifted  to  an  aqneons  solution  (as  in  the  e]tx)eriments  of  De  Sanssure  and  others) 
coald  not  be  depended  upon  to  give  as  satisfactory  results  as  pjants  which  had 
been  cultivated  from  the  m'oment  of  germination  in  aqueous  solutions.  But  in 
the  case  of  seedlings  transferred  from  loose  wet  sphagnum  to  water  before  any  lat- 
eral roots  had  appeared  no  difficulty  of  this  sort  need  be  apprehended. 
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From  the  experiments  of  others  with  plants  cultivated  in  salt  solu- 
tions it  would  appear  that  LupiniLS  albus  agrees  pretty  closely  in 
point  of  sensitiveness  with  other  large-seeded  LeguminossB,  e.  g.,  peas 
{Pisum  sativwm),  beans  {Phdseolus  vulgaris)^  and,  at  least  in  some 
cases,  with  the  horse  bean  ( Vidafaibo),^ 

In  order  -to  determine  how  closely  plants  of  the  same  family  corre- 
spond in  their  resistance  to  toxic  effect,  and  at  the  same  time  to 
obtain  data  as  to  the  behavior  of  a  plant  whose  economic  importance 
in  arid  regions  is  inestimable,  a  number  of  experiments  were  made 
with  alfalfa  {Medicago  saliva).  Here  we  have  to  deal  with  a  plant 
whose  seeds  are  many  times  smaller  than  those  of  the  white  lupine 
(1.5  to  3  mm.  in  greatest  diameter).  The  radicle  of  the  alfalfa  seed- 
ling is  correspondingly  small  and  delicate,  and  hence  requires  more 
careful  manipulation  than  does  that  of  Lupinus.  Alfalfa  seeds  were 
germinated  in  wet  blotting  paper,  and  were  transferred  to  the  solu- 
tions when  the  radicles  were  1  to  2  cm.  long. 

A  basis  for  comparison  of  the  effects  of  toxic  solutions  upon  plants 
of  very  different  character  and  relationship  is  afforded  by  Heald's 
investigations  of  the  action  of  extremely  dilute  solutions  of  hydro- 
chloric acid  upon  seedling  peas,  pumpkins,  and  maize.'  This  author 
calculates  that  while  one  part  of  hydrogen  ions  (liberated  by  dissocia- 
tion) in  6,400,000  parts  of  water  killed  the  root  tips  of  the  pea  {Pisum 
sativum),^  one  part  in  3,200,000  was  required  to*  produce  a  similar 
effect  upon  the  pumpkin  {Cucurbita  pepo)  and  one  part  in  only 
1,600,(^0  to  destroy  the  root  tips  of  maize  {Zea  mays).  In  other 
words,  maize  offers  four  times  and  the  pumpkin  twice  as  much  resist- 
ance to  the  toxic  effect  of  hydrochloric  acid  as  do  peas  and  lupines. 

These  results  emphasize  the  importance  of  extending  the  present 
investigations  to  other  plantiS  of  as  widely  different  botanical  relation- 
ship as  possible.  It  is  also  of  great  moment  that  experiments  be  made 
with  different  stages  of  growth  of  the  same  plant,  from  the  germinat>- 
ing  seed  to  some  point  near  maturity.  It  is  as  certain  that  the  same 
kind  of  plant  at  various  periods  of  development  differs  in  its  reaction 
to  a  given  salt  solution  as  that  the  reaction  of  the  same  plant  to  the 
same  solution  will  be  affected  by  variations  of  temperature  and,  per- 
haps, of  illumination.^ 

1  But  not  always,  for  Tme  [Annals  of  Botany,  9, 872,  (1895)]  found  the  white  Inpine 
**more  strongly  affected  by  a  0.25  per  cent  solution  than  is  Viciafaba  by  one  of 
1  per  cent  KNO,  content."  He  finds  Pisom  likewise  more  sensitive  than  Vida 
faba. 

<Bot.  Gazette,  28,  136  (1898). 

'The  white  lupine  appears  to  be  about  equally  sensitive  to  H-ions,  for  Kahlen- 
berg  and  True  [Bot.  Gazette,  82, 91  (1896)]  determined  its  limit  of  endurance  in  a 
solution  of  HCl  to  be  j^xf  normal,  while  later  Kahlenberg  and  Austin  [Joum. 
Physical  Chem.,  4,  557  (1900)]  fixed  upon  ^tW  normal  as  a  more  accurate  limit 

^Storp  [Landwirthsoh-Versuchsst.,  18,  76  (1884)]  found  zinc  snlphate  to  be 
extremely  injurious  to  germinating  seedlings  when  exposed  to  the  light,  but 
harmless,  or  nearly  so,  in  the  dark. 
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The  practical  value  of  such  a  deyelopment  of  these  studies  is  indi- 
cated by  certain  conditions  to  which  agriculture  in  alkali  regions  is 
subject.  It  is  well  known  that  while  at  the  beginning  of  the  season 
tbe  salt  components  are  often  pretty  equally  distributed  through  a 
considerable  depth  of  soil  and  are  in  consequence  comparatively  harm- 
less, the  increased  evaporation  which  accompanies  increased  temper- 
atures and  decreased  atmospheric  moisture  as  the  season  advances 
draws  these  salts  to  the  surface  of  the  soil,  where  they  often  effloresce 
and  form  ^'crusts"  (especially  in  the  case  of  sodium  carbonate  and 
sodium  sulphate).  Hence  older  plants  are  frequently  exposed  to  the 
action  of  much  more  concentrated  solutions  than  the  same  individuals 
-when  younger  had  to  contend  with.  Furthermore,  the  accidents  of 
irrigation  may  materially  alter  the  alkali  content  of  a  soil  in  the  midst 
of  the  growing  season  of  a  crop.  It  is  therefore  to  be  hoped  that  this 
important  extension  of  the  investigation  may  soon  receive  attention. 

DETAILS  OF  MANIPULATION. 

The  manner  of  preparing  the  solutions  and  the  plants  to  be  culti- 
vated has  already  been  described.  A  few  words  about  methods  and 
details  followed  in  the  experiments  are  in  order. 

To  contain  the  solutions,  glass  vials  nearly  3  cm.  in  diameter  and 
holding  about  70  c.  c.  of  liquid  were  used.  In  the  experiments  with 
lupines,  only  one  plant  was  suspended  in  each  vial  by  means  of  a  hole 
bored  through  a  close-fitting  thin  cork  stopper,  the  aperture  being 
entirely  closed  by  means  of  cotton  batting.  Protection  against  undue 
evaporation  from  the  upper  portion  of  the  plant  was  secured  by  plac- 
ing several  vials  in  a  glass  jar  containing  a  little  water  and  inverting 
another  jar  over  the  whole.  The  plant  was  so  adjusted  in  the  cork 
that  1  to  3  cm.  of  the  terminal  portion  of  the  radicle  was  immersed  in 
the  solution,  the  upi>er7nost  portion  of  the  radicle  extending  through 
the  vapor-saturated  space  between  solution  and  stopper,  while  the 
hypocotylary  section  was  invested  with  moist  cotton. 

In  the  case  of  alfalfa  five  or  six  plants  were  inserted  in  each  vial  in  the  ^ 
following  manner:  A  piece  of  aluminum  wire  was  passed  through  the 
cork  stopper  in  such  a  way  as  to  allow  it  to  be  raised  or  lowered  at  discre- 
tion. On  the  portion  of  the  wire  included  in  the  vial  five  or  six  small 
loox>s  were  made  of  proper  size  to  hold  in  place  each  a  seedling  plant,  with 
its  seed  leaves  resting  on  the  loop  and  its  root  immersed  in  the  solution. 

The  duration  of  the  culture  in  the  salt  solution  was  generally  lim- 
ited to  twenty-four  hours,  as  it  was  usually  possible  at  the  end  of  that 
period  to  determine  accurately  whether  the  root  tip  had  been  killed  ' 
or  not.  Frequently,  however,  the  plants  were  returned  to  the  solution 
for  a  second  period  of  equal  duration  in  order  to  remove  all  doubt 
upon  this  point.  ^    If  at  the  end  of  that  period  no  growth  had  taken 

'  In  this  particular,  as  in  others,  the  experimental  methods  outlined  by  Eahlen- 
berg  and  True  [Bot  Qazette,  82,  87,  90  (1896)]  have  been  followed,  as  it  was 
desirable  to  make  as  close  comparison  as  possible  with  their  results. 
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place  since  the  first  examination,  it  was  regarded  as  reasonably  cer- 
tain that  the  root  tips  had  perished,  and  a  less  concentrated  solution, 
was  tried.  To  obviate  the  possibility  of  mistaking  a  temporary  condi- 
tion of  plasmolysis  for  final  loss  of  vitality  the  roots  were  in  earlier 
experiments  transferred,  after  twenty-four  hours,  from  the  salt  solu- 
tion to  distilled  water;  but  this  precaution  soon  proved  to  be  heed- 
less. In  all  the  experiments  a  control  culture  in  distilled  water  was 
maintained  under  conditions  of  temperature  and  illumination  iden- 
tical with  those  of  the  salt  cultures.  As  a  matter  of  course,  the  growth 
of  the  roots  is  by  no  means  as  rapid  in  distilled  water  as  in  ordinary 
river  water  or  in  a  prepared  culture  solution. 

It  was  sought  to  keep  the  external  conditions  as  nearly  as  possible 
uniform  during  the  entire  series  of  experiments  and  a  temperature  of 
19°  to  21°  C.  was  maintained  in  the  laboratory.' 

The  rate  of  growth  during  the  period  of  experiment  was  ascertained 
by  marking  the  radicle  with  india  ink  just  before  placing  it  in  the  solu- 
tion. The  mark,  which  was  made  as  fine  as  was  compatible  with  per- 
manency, was  placed  at  a  distance  of  15  mm.  from  the  root  tip  in  the  case 
of  the  lupines  and  10  mm.  in  the  case  of  alfalfa  {Medicago)  so  as  safely 
to  include  the  entire  zone  of  active  growth  in  the  primary  root.^  This 
method  of  measuring  the  growth  of  roots  was  employed  by  Sachs  in 
his  classical  studies  upon  the  growth  of  primary  and  lateral  roots,^  and 
has  been  widely  adopted  by  plant  physiologists.*  By  comparison  of 
the  marked  root  with  a  ruled  surface  the  amount  of  growth  during 
any  given  period  can  be  determined  with  all  the  accuracy  necessary 
in  experiments  of  the  kind  here  described.* 

By  using  a  considerable  number  of  individual  plants  in  each  experi- 
ment with  each  solution  (usually  five  in  case  of  Lupinus  and  ten  or 
twelve  in  case  of  Medicago)  it  is  believed  that  the  variant  due  to 
individual  differences   in   vigor  has    been    practically  eliminated.^ 

*  In  this  connection  KJemm  [Jahrb.  f.  wis?.  Botanik,  29,  659  (1895)]  calls  atten- 
tion to  the  great  yariabillty  exhibited  by  plants  as  to  their  limit  of  endurance  in 
solutions  of  acids  of  definite  concentration  if  other  external  conditions  be  varied. 
Askenasy  [Ber.  deutsch.  hot.  Gesellach.,  8,  61  (1890)]  describes  the  effect  upon  the 
growth  of  roots  produced  by  different  temperatures  or  by  a  variation^of  temper- 
ature during  a  limited  period  of  time. 

'  Sachs  determined  the  length  of  the  growing  portion,  in  the  case  of  roots  of 
other  Legnmiinosse,  to  be  8  to  10  mm.  for  Viciafc^  and  3.5  to  6.5  mm,,  in  Pimm 
sativum.  [Arb.  d.  hot.  Inst.  Wtlrzburg,  1, 413  to 419  (1873) ;  Gesammelte  AbhandL, 
8,  803  (1893)] 

^  (Gesammelte  Abhandl.,  3,  778. 

^For  example,  Kahlenberg  and  True  use  this  method  in  all  their  experiments 
with  plants  in  solutions  of  toxic  substances.     [See  Hot.  Gazette,  22,  88  (1896)] 

^Askenasy  [Ber.  d.  deutsch.  bot.  Qesellsch.,  8, 64,  (1890)]  shows  that  this  method  of 
marking  causes  a  retardation  of  growth  during  the  first  hour  thereafter,  but  that 
this  is  overcome  after  two  hours.  Consequently  the  method  could  be  used  with- 
out hesitation  in  these  exx)eriments,  although  it  is  sometimes  attended  by  disad- 
vantages when  the  phenomena  of  growth  itself  are  studied. 

*More  than  2,500  seedlings  of  Lupinus  albtis  and  700  of  Medicago  saliva  were 
employed  in  the  whole  series  of  experiments. 
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Indeed,  that  this  wbr  the  case  was  pretty  effectually  shown  by  several 
repetitions  of  the  experiments  with  most  of  the  solutions.  It  is  also 
indicated  by  the  general  regularity  with  which  toxic  effect  is  shown 
to  increase  with  every  increase  in  concentration  of  the  solution  of 
each  salt.  By  several  times  repeating  experiments  with  solutions 
of  approximately  the  critical  strength  the  above-mentioned  source  of 
error  due  to  fluctaations  in  temperature,  etc.,  was  likewise  reduced  to 
a  minimum. 

DETERMINATION   OF  THE  LIMIT  OF  ENDURANCE. 

In  ascertaining  the  degree  of  concentration  of  a  given  salt  solution 
which  will  just  permit  the  root  tips  to  retain  their  vitality  during  the 
period  of  experiment,  one  must  of  course  be  able  to  determine  also 
the  point  at  which  death  definitely  occurs.  The  death  point  is  evi- 
dently to  be  sought  far  below  the  degree  of  concentration  which  per- 
mits no  elongation  whatever  to  occur  during  the  period  of  experi- 
ment, for  often  radicles,  of  which  the  marked  zone  had  increased  in 
length  several  millimeters  (even  6)  at  some  time  during  the  experi- 
ment, were  indubitably  dead  at  the  end  of  twenty-four  hours.  ^  The 
mere  fact  of  elongation,  irrespective  of  the  time  in  which  it  has  taken 
place,  does  not  therefore  determine  the  concentration  of  a  salt  solu- 
tion in  which  roots  will  survive,  although  sometimes  useful  in  ascer- 
taining whether  the  root  is  absolutely  dead  at  the  end  of  a  given 
period.  It  is  to  the  general  condition  of  the  apical  portion  of  the 
root  that  we  must  look  for  a  criterion.  While  it  is  sometimes  difficult 
to  describe  those  symptoms  which  denote  the  death  of  the  root  tip, 
it  is  comparatively  easy  to  recognize  them  after  one  has  acquired 
sufficient  experience  with  the  behavior  of  plants  grown  in  toxic 
solutions. 

One  of  the  most  easily  detected  of  the  phenomena  accompanying 
death  in  plants  is  final  loss  of  turgor  due  to  excessive  plasmolysis. 
In  other  words,  the  tissues  lose  their  water,  and  are  unable  to  make 
good  the  loss,  even  when  restored  to  normal  conditions.  This  is  due 
primarily  to  a  change  in  the  osmotic  equilibrium  of  the  plant  cells. 
Ordinarily,  through  the  controlling  activity  of  the  protoplasm,  a  suffi- 
cient osmotic  pressure  is  maintained  in  the  sap  cavity  of  the  cell  to 


*  Experiments  were  made  with  solntions  of  a  strength  known  to  be  fatal,  yet 
permitting  some  elongation  during  twenty-fonr  hours.  Sodium  sulphate  (0.05 
normal),  sodium  carbonate  (0.02  normal),  and  magnesium  chloride  (0.05  normal) 
were  selected,  and  in  every  case  it  was  found  that  elongation  ceased  entirely  after 
three  to  five  hours.  In  a  water  control,  on  the  other  hand,  growth  was  still  pro- 
gressing at  the  end  of  six  hours,  and  an  examination  at  the  end  of  twenty-four 
hours  showed  that  it  had  been  pretty  equally  distributed  throughout  the  entire 
period.  These  results  as  to  toxic  action  correspond  with  Sachs's  statement  [Land- 
wirthsch.  Versuchsst,  1,  219  (1859)];  Gesanunelte  Abhandl.,  1,  430  (1892)]  that 
"roots  appear  to  lose  more  and  more  the  power  of  absorbing  water  containing 
salt  the  longer  they  are  in  contact  vnth  it." 
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retain  the  necessary  minimum  of  water.  But  through  various  influ- 
ences, such  as  exposure  of  the  tissues  to  a  salt  solution  whose  concen- 
tration exceeds  a  certain  limit,  this  power  of  adjustment  may  be 
temporarily  lost.  In  such  cases  a  considerable  proportion  of  the  cell 
water  diosmoses  through  the  ectoplasm,  and  the  protoplast  in  conse- 
quence shrinks  away  from  the  cell  walls,  to  which  it  is  normally 
closely  applied.  If  the  unfavorable  condition  persists,  this  tem- 
porary plasmolysis  may  become  permanent,  and  the  cell  is  killed 
outright. 

Such  disorganization  due  to  extreme  plasmolysis  can  usually  be 
detected  immediately  by  an  examination  of  the  plant  tissues  with  the 
microscope,  and  is  one  of  the  best  indications  of  death.'  Roughly, 
however,  injury  of  this  nature  is  sufficiently  indicated  after  a  certain 
lapse  of  time  by  loss  of  rigidity  and  elasticity  in  the  plant  or  part  of 
a  plant  affect^;  in  other  words,  it  becomes  flaccid.  If,  for  example, 
a  root  thus  rendered  flaccid  by  culture  in  a  salt  solution  fails  to  regaiii 
its  turgor  after  being  transferred  to  water  or  to  a  nutritive  solution, 
it  may  safely  be  considered  as  injured  beyond  recovery.  This  was 
found  to  be  the  most  satisfactory  test  of  death  employed. ^ 

The  color  of  the  tissues  is  often  a  useful  symptom  of  destructive 
changes.     Thus  all  the  sodium  salts  employed,  when  given  in  suffi- 


'  **  The  only  externally  perceptible  change  [indicating  death]  is  in  many  cases 
collapse,  a  more  or  less  strong,  irregular  recession  of  the  protoplast  from  the  cell 
wall,  which  does  not,  however,  accompany  by  any  means  all  reactions  of  sub- 
stances which  occasion  death."  [Klemm,  Desorganisations-erscheinungen  der 
Zelle.    Jahrb.  ftlr  wiss.  Botanik,  88,  p.  G57  (1895).] 

^  Sachs  [Arb.  bot.  Inst.  Wdrzburg,  1,  386;  Gesammelte  Abhandl.,  2,  774]  men- 
tions as  an  indication  of  the  approaching  death  of  the  root  tip  the  disorganiza- 
tion of  the  cells  of  the  root  cap,  which  becomes  mucilaginous.  This  was  noted  in 
maqy  cases,  but  was  not  found  to  be  a  practical  test  of  complete  loss  of  vitality. 
Another  indication  of  injury  to  the  apical  portion  of  the  root  is  a  sharp  bend 
near  the  tip,  which  is  very  different  from  the  normal  gentle  curvatures.  This 
usually  appears  where  loss  of  turgor  from  plasmolysis  is  not  manifested.  While 
indicating  injury,  this  symptom  by  no  means  necessarily  implies  complete  loss  of 
vitality  and,  therefore,  does  not  serve  our  purpose  as  a  symptom  of  death.  Solu- 
tions of  a  certain  concentration  of  magnesium  sulphate^  magnesium  chloride,  and 
calcium  bicarbonate  were  found  to  produce  this  phenomenon  in  a  marked  degree. 
In  the  case  of  the  salt  last  mentioned  the  roots  continued  to  grow  slowly  in  dis- 
tilled water,  during  a  second  period  of  twenty-four  hours.  True  [Ann.  of 
Botany,  9, 377,  (1895)]  alludes  to  these  *'  sharp  curves  characteristic  of  injury." 

Another  means  of  detecting  loss  of  vitality  in  protoplasm,  to  which,  however, 
recourse  was  not  had  in  the  progress  of  this  work,  is  its  coloration  when  dead  by 
means  of  nigrosin,  which  does  not  color  and  does  not  injure  living  protoplasm. 
See  Pfeffer  [Ueber  Auf nahme  von  Anilinf arben  in  lebende  Zellen.  Unters.  aus  d. 
bot.  Inst.  Tubingen,  2,  268,  269] ,  who  found  in  exjieriments  with  roots  of  duck- 
weed (Lemna)  and  with  Spirogyra  that  nigrosin  is  not  absorbed  by  cells  while 
alive.  Living  root  hairs  exposed  for  three  days  to  a  0.5  per  cent  solution  of  this 
stain  assumed  no  coloration  whatever,  while  hairs  after  death  when  similarly 
treated  readily  absorbed  it. 
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cient  amount,  decolorized  the  tissues  of  the  apieal  portion  of  the 
root.  This  lost  its  normal  brilliant  white  appearance^  and  assumed 
a  lurid-whitish  color.  In  the  case  of  sodium  carbonate  (NajCOg) 
and  of  sodium  bicarbonate  (NaHCOg)  there  occurred  a  marked  clear- 
ing of  the  tissues  similar  to  that  produced  by  the  hydrates  of  potas- 
sium and  sodium,  the  root  tips  becoming  nearly  transparent.  This 
change  is  completed  long  before  any  loss  of  turgor  is  apparent.  Mag- 
nesium salts  (chloride  and  sulphate)  discolored  the  surface  of  the 
roots,  producing  bro¥mish  spots  which  gradually  spread  over  the 
-whole  surface.'  The  difference  in  character  of  physiological  effect 
produced  by  salts  of  the  same  acid  in  the  case  of  sodium  on  the  one 
hand,  and  of  magnesium  on  the  other,  is  very  great  when  gauged  by 
these  external  appearances. 

Another  effect  produced  by  some  of  these  salts  is  an  irregular 
enlargement  of  a  portion  of  the  root.  This  is  very  marked  in  the 
case  of  calcium  chloride,  in  a  solution  of  0.3  normal  or  thereabouts. 
The  root  just  above  the  tip  develops  a  fusiform  swelling  of  which  the 
greatest  transverse  diameter  (2  to  3  mm.)  lies  5  to  10  mm.  from  the 
apex  of  the  root.  A  less  marked  formation  of  this  sort  is  sometimes 
produced  by  magnesium  chloride,  and  even  by  other  salts.^ 

It  is  well  to  emphasize  once  more  the  fact  that  the  death  of  the  tip 
of  the  primary  root,  and  not  that  of  the  plant  as  a  whole  or  even  of 
the  entire  root,  was  taken  in  these  experiments  as  the  indicator  of  the 
toxic  action  of  solutions.     The  condition  of  the  distal  10  to  20  mm. 

1  The  '*  shining  white  opaqne  appearance  which  is  characteristic  of  all  healthy 
roots  and  which  is  due  to  air  contained  in  the  intercellnlar  spaces. "  (Sachs,  Land- 
wirthsch.  Versnchsst.,  1,  216;  Gesammelte  Abhandl.,  1,427). 

'Hettenins  [quoted  by  Wolf  in  Landw.  Versnchsst.,  7,  202,  (1865)]  found  that 
these  spots,  which  appear  on  the  roots  of  both  the  bean  and  maize  when  placed 
in  solutions  of  magnesium  salts,  are  due  to  a  coagulation  of  the  contents  of  the 
epidermal  cells,  which  he  did  not,  however,  further  describe.  Wolf  remarks  that 
they  do  not  appear  upon  plant  roots  in  magnesium  salt  solutions  if  a  salt  of  potas- 
sinm,  ammonium,  or  calcium  be  present. 

'Sachs  (Arb.  bot.  Inst.  Wiirzburg,  1,  411,  412;  Gesammelte  Abhandl.,  2,  800) 
describes  swellings  of  apparently  similar  character  which  developed  upon  roots 
grown  in  moist  air  and  watered  at  long  intervals.  Wolf  [Landw.  Versnchsst.,  6, 
218  (1864)]  found  that  a  concentrated  solution  of  potassium  sulphate  acted  in  the 
same  manner.  ''The  root  tips  soon  swell  in  the  solution;  the  form  of  the  root 
finally  resembles  that  of  the  root  of  a  tuber-bearing  plant.  Such  swellings  arise 
in  iwrticular  abundance  where  lateral  roots  will  break  through."  The  action  of  a 
one-fourth  per  cent  solution  of  potassium  nitrate  upon  roots  of  Lupinua  dlbua  as 
described  by  True  [Ann.  of  Botany,  9,  374  (1895)]  is  exactly  similar  to  that  of  cal- 
cium chloride.  "  Swellings  appeared  near  the  tips  and  the  ends  tapered  suddenly 
to  sharp  points.  On  the  other  hand,  the  growth  in  thickness  was  much  greater 
than  normal,  the  radicles  above  the  swellings  reaching  the  size  of  large  radicles 
of  Viciafaba  of  the  same  length." 
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only  was  necessarily  involved.^  In  the  more  dilute  solutions  which 
are  still  considered  toxic,  because  destroying  the  root  tip,  the  proxi- 
mal portion  of  the  root  and  the  upper  part  of  the  plant  are  often  not 
conspicuously  injured  by  twenty-four  or  forty-eight  hours'  exposure. 
After  a  certain  lapse  of  time  lateral  roots  are  sometimes  put  forth 
and  grow  vigorously  in  a  solution  (especially  of  calcium  chloride) 
which  had  killed  the  apical  XK>rtion  of  the  primary  root. 

This  power  of  gradual  accommodation  on  the  part  of  the  plant  to  a 
solution  which  at  first  checked  its  growth  and  even  destroyed  the 
sensitive  tissues  of  the  root  tip  has  often  been  remarked.  It  is  but  a 
step  from  this  to  the  well-known  fact  that  by  gradually  increasing  the 
strength  of  a  salt  solution  in  which  plants  are  cultivated  they  can  be 
made  to  endure  a  degree  of  concentration  which  would  soon  be  fatal 
if  administered  directly.^  It  follows  that  the  limits  of  endurance  here 
recorded  for  Lupin/as  albus  are  merely  those  of  its  root  tip,  selected 
as  being  the  most  sensitive  indicator,  and  are  in  some  cases  lower  than 
the  limits  which  would  denote  death  of  the  plant  as  a  whole.  Further- 
more, the  limit  of  endurance  for  the  entire  plant  could  undoubtedly  be 
still  further  elevated  by  gradually  increasing  the  strength  of  solution 
in  which  the  plants  are  cultivated. 

But  our  present  investigation  aims  merely  at  a  comparison  of  the 
relative  toxicity  of  the  various  *' alkali"  salts,  to  attain  which  the 
simplest  and  readiest  means  are  to  be  preferred.  A  standard  for 
further  comparisons,  rather  than  a  thorough  investigation  of  the 
problem  in  all  its  ramifications,  is  the  end  of  the  present  paper. 


*  This  was  likewise  the  objective  of  the  experiments  of  Kahlenberg  and  True 
[Bot.  Gazette,  22, 88,  (1896)].  In  order  to  obtain  results  closely  comparable  with 
theirs,  e6x>ecially  as  bearing  npon  the  hypothesis  of  electrolytic  dissociation,  their 
mode  of  procedure  has  been  closely  followed  in  this  as  in  other  details.  In  advocacy 
of  this  method  of  determining  toxic  action,  Professor  True  writes:  ''Repeated 
experiments  for  years  have  convinced  me  that  the  method  used  giYGa  the  most  deli- 
cate and  easily  managed  test  that  I  know  of  for  bulky  objects  like  Lupinus  roots." 

Coupin  [Rev.  G^n.  de  Botanique,  10, 177  ( 1898)]  criticises  the  work  of  Kahlenberg 
and  True,  previously  quoted,  to  the  effect  that  it  is  impossible  to  accurately  deter- 
mine the  toxic  limit  of  a  solution  in  the  short  period  of  experiment  (twenty-four 
hours)  allowed  by  those  authors.  However,  as  Professor  True  observes,  it  was  not 
the  point  at  which  the  whole  plant  succumbs,  but  that  which  marks  the  death  of 
the  zone  of  growth  in  the  primary  root,  which  formed  the  objective  of  his  experi- 
ments. Coupin *8  method  was  to  g^ow  his  plants  for  several  days  in  the  solutions 
to  be  tested,  taking  the  strongest  solution  in  which  the  plant  as  a  whole  continued 
to  grow  after  the  tirst  few  hours  as  marking  the  limit  of  endurance  ("Equivalent 
toxique*').  it  is  obvious,  therefore,  that  no  direct  comparison  is  possible  between 
the  results  obtained  by  Coupin  on  the  one  hand  and  by  Kahlenberg  and  Trae,  as 
well  as  those  here  recorded,  on  the  other,  Coupin *s  limits  of  endurance  being 
necessarily  much  higher. 

'  Thus  Stange  [Bot.  Zeitung,50,  292  (1892)]  found  that  root  tips  of  LuinntMoKmx 
and  Phaseolus  vidgaria  soon  died  if  exposed  directly  to  a  0.6  per  cent  solution  of 
potassium  nitrate,  but  by  gradually  increasing  the  concentration  they  could  be 
made  to  endure  nearly  1  per  cent  without  death  of  the  protoplasm. 


19 


RBSTJLTS  WITH  PTJBE  SOLUTIONS. 


CONCENTRATION  MAXIMUM  PERMITTING  SURVIVAL  OF  THE  ROOTS. 

!By  applying  the  methods  and  tests  outlined  above  it  was  possible 

to  determine  with  a  reasonable  degree  of  accaracy  the  limit  of  oonoen- 

tration  for  each  of  the  salts  in  pure  solution  in  which  the  root  tips  of 

young  seedlings  of  white  lupine  could  just  survive.     It  is  believed 

that,  like  conditions  being  maintained  and  the  same  plant  in  the 

Rame  stage  of  development  being  used,  the  limits  will  not  be  materially 

altei*ed  by  further  experiment.   Moreover,  it  is  regarded  as  not  improb- 

al>le  that  the  salts  will  be  found  toxic  in  about  the  order  stated  below 

if  other  plants  or  other  stages  of  growth  of  the  same  plant  be  tested 

vrith  them.     The  limit  of  endurance  in  a  solution  of  each  particular 

salt  will  doubtless  be  higher  or  lower  for  different  objects,  but  t^e 

general  sequence  of  harmf  ulness  should  remain  practically  unaltered, 

so  far  as  the  higher  plants  are  concerned.    Experience  alone  can 

demonstrate  the  correctness  of  this  assumption. 

The  limit  of  concentration  permitting  roots  of  white  lupine  to 
retain  their  vitality  during  twenty-four  hours  is,  for  each  of  the  more 
important  readily  soluble  '^alkali"  salts,  as  follows,  the  limit  being 
stated  both  in  parts  of  salt  per  100,000  of  solution  and  in  fractions  of  a 
normal  solution: 

Table  I. — Results  of  experimenta  toUh  pure  sotutions. 


Name  of  Mtlt. 


Jliaicnesium  snlphate . . . 
Mafrnedum  chloride  (I) 

Sodium  carbonate 

Bodiam  salphate (2)  ... 
Sodiam  chloride  (3) .... 
Sodium  bicarbonate  (4) 
Calcium  chloride 


Degree  of  concen- 

tration. 

Parttiper 
100,000 

Fractions 

of  a  nor- 

of solu- 

mal Boln- 

tion. 

tion. 

7 

0.00126 

12 

.0026 

26 

.006 

68 

.0075 

116 

.08 

167 

.02 

1,377 

.86 

N0TBB.-;(1)  With  magnesium  chloride  the  limit  of  endurance  (for  the  whole  plant),  as  deter- 
mined by  Goapin  [R6v.  G^n.  de  Bot ,  10, 188  U^^)].  is  0.8  per  cant,  while  with  magnesium  sulphate 
the  limit  is  1  per  oenL  thus  reversing  the  order  of  toxicity  for  the  two  salts  as  given  above. 
Wolfe  (Liandw.  Versuchsst.,  6,  p.  214)  notes  the  strongly  toxic  effect  of  magnesium  solutions  upon 
roots  of  bean  and  maize.  The  orown  coloration  of  the  surface  of  the  raoicle.  induced  by  these 
salts,  appeared  a  few  hours  after  Immersion.  Wolf's  suggestion  that  the  very  poisonous  effect 
of  magnesium  sulphate  may  be  due  to  the  decomposition  of  the  salt  by  excretions  of  the  roots 
can  not  be  regarded  as  possessing  great  probability.  His  experiments,  which  were  designed 
primarily  to  ascertain  the  volume  of  water  absorbed  by  the  plant  from  solutions  of  various  salts 
of  different  concentration,  are  considered  by  him  to  indicate  that  the  cell  wall  [ectoplasm J  is 
less  permeable  to  sulphates  than  to  other  salts  (1.  c,  p.  217).  Loew  (Bui.  No.  18,  Div.  Veg. 
Phys.  and  Path.,  p.  42)  lound  that  Bpirogyradied  after  four  or  five  days  of  immersion  in  a  0. 1  per 
cent  solution  of  magnesium  sulphate,  but  remained  alive  for  a  long  period  in  equivalent  solutions 
of  sulphates  of  potassium,  sodium,  and  calcium.  Similarly  a  1  per  cent  solunon  of  magnesium 
nitrate  killed  a  smaller  Bpirogyra  in  six  to  twelve  hours,  while  the  nitrates  of  potassium,  sodium, 
and  calcium,  in  solutions  of  corresponding  strength,  did  not  destroy  the  plant  The  peculiarly 
poisonous  action  of  salts  of  magnefdum  described  oy  Loew  is  explained  by  nim  on  the  hvpothesis 
that  calcium  forms  intimate  compounds  with  proteids,  and  that  these  are  essential  to  the  organ- 
ization and  life  of  the  cell-nuclei  and  chloropliuts  of  the  higher  plants.  Conseouently,  if  mag- 
nesium is  supplied  without  calcium  to  plants,  especially  in  the  form  of  readily  soluble  salts,  such 
as  chloride,  nitrate,  and  sulphate,  the  acids  of  the  magnesium  salts  would  be  attracted  by  the 
calcium  which  formed  part  of  the  nuclear  proteid  compounds.  The  latter  would  consequently 
be  disormnized,  magneedum  being  unable  to  take  the  place  of  calcium  in  proteid  compoundJB 
without  ratal  disturDanoea  of  equilibrium  in  the  cell.  As  evidence  for  this  hypothesis  isadduoed 
the  corrective  effect  of  the  addition  of  lime  to  either  soils  or  culture  solutions  in  which  plants 
are  suffexing  from  magnesium  poisoning,  and  the  further  fact  that  plants  suffer  leas  in  culture 
solutions  from  which  both  oaloium  and  magnesium  are  absent  than  in  such  as  contain  magne- 
ium  but  no  caldum.    It  must  be  observed ,  nowever,  that  the  chemical  rationale  of  this  theory 
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rests  upon  the  assamption  that  oalciam  is  a  stronger  base  than  magnesiiixn,  and  will  ozert  m 
greater  attractive  force  upon  acids,  while  it  ismores  the  application  of  the  mass  law  to  fhe  dia- 
mbntlon  of  an  add  between  two  bases,  which  itself  accounts  very  satisfactorily  for  the  facta 
observed  • 

.  (2)  Of  sodium  snlphate  Wolf  (Landw.Versnchsst.,  6,  pp.  210,218)  indicates  that  solutions  of  nkore 
tjum  0.06 per  cent  are  toxic  to  roots  of  the  bean  {Phaseohu  milgaris).  Loeb  [Am.  Joam.  Physiol- 
ogy, 8, 80S  (1900)],  found  sodium  sulphate  to  be  more  poisonous  than  sodium  chloride  to  ettgpa 
of  a  fish  (Fuf%dtUtu  heteroditus).  This  he  attributes  to  a  precipitation  of  calcium  from  its  Ton 
proteid  compounds  in  the  protoplasm,  a  reaction  effected  through  the  sulphions  dissociated  by- 
sodium  sulpnate. 

(3)  The  minimum  toxic  concentration  for  sodium  chloride,  the  same  plant  and  the  same  methods 
being  used,  is  placed  about  three  times  as  high  (one-sixteenth  normal)  by  True  [Amer.  Joum. 
ScL ,  ser .  4, 9, 187  ( 1901)1 .  As  the  experiments  wltii  sodium  chloride  here  described  were  repeated 
several  times,  without  vwiation  In  the  result,  no  explanation  for  this  discrepancy  is  apparent. 

Many  experiments  have  >)een  made  with  sodium  chloride  as  to  its  effects  upon  plants.  It  mav- 
be  of  interest  to  refer  to  some  of  those  in  which  limits  of  endurance  have  been  determined, 
especially  as  these  are  in  all  cases  much  higher  than  that  given  above  for  rtx>t  tips  of  Luninum 
almis.  Storp  [Biedermann's  Ontralbl.,  IS,  76  (1884)]  found  that  sodium  chloride  In  a  solunbn  of 
greater  coccentration  than  0.01  per  cent  retarded  the  germination  of  seeds.  Bschenhagen  [Ueber 
den  Elnflusa  von  L^Jsungen  verschiedener  Concentrationen  auf  den  Waohsthum  der  Sohimmel- 
pttse  (1889)],  quoted  bvBtange  in  Bot.  Zeitung  (1862,  p.  256),  gives  the  following  limits  for  the 
active  growth  of  fungi  in  solutions  of  sodium  chloride  and  of  sodium  nitrate: 


Fungus. 


Aspergillos 
Peniculium 
Botrytls.... 


Per  cent 

sodium 

chloride. 


17 
18 
12 


Percent 

sodium 
nitrate. 


81 
SI 
16 


Bichter  [Ueber  die  Anpassung  der  Sttsswasseralgen  an  KochsalslOsungen  Flora,  76, 4  (1892)] 
found  that  Zyanema  Mtelltnum  penuinum  lived  two  months  in  a  6  per  cent  solution  of  sodium 
chloride  added  to  a  culture  solution,  and  more  than  a  year  when  the  sodium  chloride  solutloa 
was  2  per  cent  or  weaker.  De  Freitag  [Archiv  ftbr  Hygiene,  11,  68  (180(0]  is  authority  for  the 
statement  that  BcudUus  tuberctUoHa  lived  three  montns,  and  the  typhus  Bacillus  six  montha 
in  a  saturated  solution  of  sodium  chloride.  Coupln  [B^vne  Q^n.  de  Botanique,  16,  177  (1898)] 
obtained  the  following  limits  for  various  plants  in  solutions  of  sodium  chloride: 


Plant. 


Percent 
limit  of 
endur- 
ance. 


Wheat 

Peas ...... .......... 

Whitelupine '.  '.'.' ' .' 

Maize 

Vetch , 


1.8 
1.2 
1.2 
1.4 
1.1 


Percent 
indif- 
ferent 

solution. 


0.5 
.25 


Aooordin^r  to  W.  Sigmund  [Landw.  Versuchvt.,  47,  1  (1806)]  the  maximum  concentration  of 
Nad  solutions  endurable  by  germinating  seeds  of  cereals  is  0.5  per  cent,  of  legumes  0.3  x>er 
cent,  of  rape  0.1  per  cent  Loew  [Bui.  18,  Div.  Veg.  Phys.  and  Patli.,  p.  19]  found  that  Spirogyra 
suffers  in  a  solution  containing  0.o  per  cent  of  sodium  chloride. 

(«)  Carbonic  acid  (H(X>s)  is  here  regarded  as  a  monovalent  acid,  so  that  a  gram  molecule 
(instead  of  one-half  of  a  gram  molecule)  to  the  liter  has  been  used  in  maMng  up  normal  solu- 
tions of  sodium  bicarbonate.  To  prevent  inversion  to  the  normal  carbonate  (Naf(X>i)  [see 
Cameron  and  Briggs,  Bui.  18,  Div.  of  Soils,  1900;  also  Jour.  Physical  Chem.,  6, 587  (1901)]  splutions 
of  the  bicarbonate  were  always  well  charged  with  carbon  dioxide  and  were  tested  for 
hydroxyl  with  phenolphthaleine  before  being  used  in  culture  experiments,  and  again  at  the  end 
of  the  experiment.  It  is  quite  possible,  of  course,  that  a  small  error  was  thus  introduced,  as  the 
carbonic  acid  formed  by  the  dilution  of  carbon  dioxide  in  water  may  have  retarded  somewhat 
the  dissociation  or  ionization  of  the  sodium  hydrogen  carbonate.  It  is  improbable  that  sodium 
hydrogen  carbonate,  unaccompanied  by  the  normal  carbonate,  would  ever  occur  In  nature 
except  in  the  presence  of  an  excess  of  carbon  dioxide,  which  fact  is  a  further  justification  of 
the  procedure  here  described. 

In  order  to  demonstrate  that  this  excess  of  carbon  dioxide  was  not  in  itself  injurious  to  the 
roots  ot  white  lupine,  the  following  simple  check  experiment  was  made:  Carbon  dioxide  was 
forced  into  distilled  water  until  a  saturated  solution  was  obtained.  Plants  were  then  entered  in 
this  solution,  which  was  protected  as  completely  from  loss  of  carbon  dioxide  as  drcumstanoes 
would  permit.  After  twenty-four  hoars  the  solution  was  tested  with  barium  hydrate,  and  the 
heaviness  of  the  resulting  precipitate  of  barium  carbonate  showed  that  very  much  more  carbon 
dioxide  still  remained  than  is  present  in  ordioary  water.  During  this  period  the  roots  grew 
nearly  as  well  as  in  water  containing  only  the  normal  quantity  of  carbon  dioxide.  It  might  be 
supposed  that  a  solution  of  carbon  dioxide  in  water  and  presumably  containing  the  hypothet- 
ical carbonic  acid  must  needs  be  itself  quite  toxic,  as  it  would  be  expected  to  yield  the  hydrogen 
ion  which  recent  invostigations  have  shown  to  be  excessively  toxic.  In  this  connection  some 
work  of  Pf eiffer  T Ann.  Chem.  ( 2) ,  28, 625  ( 1884 )  1  will  prove  interesting.  Thin  investigation  showed 
that  a  solution  of  carbon  dioxide  is  an  exceedingly  poor  conductor;  that  in  fact  the  highest  con- 
ductivity observed  in  such  solutions  was  only  about  a  thousandth  of  that  which  Konlrausch's 
work  showed  it  should  possess.  See  also  Knox  [Ann.  Phys.  Chem.,  54,  44  (1805)]  and  Walker  and 
Cormack  fJourn.  Chem.  Soc.,  77, 5  (1900)]. 

It  would  seem  rational,  therefore,  to  consider  that  carbonic  acid  does  not  exist  itself,  or  at 
least  in  only  minute  quantities  in  solutions  of  carbon  dioxide,  but  is  potenticUly  present  in  its 
constituents  and  only  forms  in  the  presence  of  some  added  influence,  such  as  a  base.  And  that, 
therefore,  even  a  concentrated  aqueous  solution  of  carbon  dioxide  would  contain  no  hydrogen 
ions,  or  so  very  small  a  quantity  as  to  be  ineffective  against  so  delicate  an  indicator  as  a  plant 
root. 
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Experiments  to  ascertain  the  limit  of  endurance  in  pure  solutions 
were  also  made  with  seedlings  of  alfalfa  (Medicago  saliva).  Although 
absolute  limits  for  this  plant  have  not,  as  yet,  been  determined,  they 
appear  to  be  somewhat  lower  for  every  salt  than  inthecaseof  Z/tfpint^^ 
albusy  but  more  than  one-half  as  high.  Thus  for  magnesium  sulphate 
the  limit  appears  to  lie  between  0.000625  and  0.00125  normal,  while  for 
magnesium  chloride  the  limit  will  be  found  between  0.00125  and  0.0025 
normal. 

A  glance  at  the  preceding  table  shows  very  clearly  that  it  is  the 
basic  rather  than  the  acid  radicle  of  the  salts  used  which  chiefly  deter- 
mines their  relative  toxicity.     In  other  words,  the  cathions  derived 
from  these  salts  are  very  much  more  active  in  their  effect  upon  plant 
tissues  than  are  the  anions.      This  is  strikingly  brought  out  by  a 
comparison  among  themselves  of  the  three  chlorides  of  magnesium, 
sodium,  and  calcium,  on  the  one  hand,  and  of  the  chlorides  and 
sulphates  of  magnesium  and  sodium,  respectively,  on  the  other.     In 
the  former  case,  although  the  anions  (CI)  are  identical  in  kind  we  find 
magnesium  chloride  eight  times  as  toxic  as  sodium  chloride,  and  one 
hundred  times  as  toxic  as  calcium  chloride.     In  the  latter  case,  mag- 
nesium sulphate  is  only  twice  as  toxic  as  magnesium  chloride,   while 
sodium  sulphate  is  little  more  than  two  and  one-half  times  as  injurious 
as  the  corresponding  chloride. 

The  results  with  salts  of  magnesium,  as  compared  with  those  of 
sodium,  confirm  the  results  obtained  by  W.  Wolf,  Loew,  and  others 
as  to  the  strongly  poisonous  qualities  of  the  former  base. 

All  four  of  the  salts  of  sodium  with  which  experiments  were 
made  are  widely  distributed  and  often  very  abundant  in  the  alkali 
regions  of  the  western  United  States.  As  was  to  be  expected,  sodium 
carbonate  or  black  alkali  was  found  to  be  the  most  harmful  of  these, 
but  it  is  not  much  more  injurious  than  sodium  sulphate.  That  the 
latter  is  much  more  poisonous  than  sodium  chloride  is  a  result  not 
altogether  anticipated  at  the  beginning  of  the  investigation.*  As  was 
predicted,  sodium  bicarbonate  proved  to  be  somewhat  less  toxic  than 
sodium  chloride.^ 

As  a  matter  of  fact,  the  limit  of  endurance  in  a  solution  of  sodium 
bicarbonate  is  not  much  higher  in  parts  of  salt  per  100,000  of  water 

1  Stewart  [Ninth  Ann.  Rep.  Utah  Agr.  Exp.  Sta.  p.  26  (1898)]  fomid  sodinm 
chloride  more  injorions  than  sodium  sulphate  to  germinating  seeds  of  legumes  and 
cereals. 

^  Very  different  results  from  these  here  recorded  as  to  the  relative  toxicity  of  the 
carbonate  and  bioarbonate  of  sodium  were  obtained  by  Coupin  [R6y.  G^n.  de 
Botanique,  12,  180  (1900)].  Experimenting  with  seedlings  of  wheat,  this  author 
found  that  the  least  concentrated  fatal  solution  ( "  equivalent  tozique")  is  1. 1  grams 
per  100  of  water  for  sodium  carbonate,  while  for  the  bicarbonate  it  is  0.6  gram. 
Hence  the  latter  would  be  twice  instead  of  one-fourth  as  poisonous  as  the  former. 
Sigmund  [Landw.  Versuchsst.,  47,  2  (1896)]  found  that  while  Na,CO,at  a  concen- 
tration of  0.5  per  cent  killed  germinating  seedlings  of  vetch  and  rape  and  retarded 
the  development  of  wheat  seedlings,  NaHCO,  at  the  same  concentration  waa 
harmless. 
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and  is  no  higher  in  fractions  of  the  reacting  weight  than  it  is  for 
sodium  chloride.  It  should  be  mentioned,  however,  that  the  plants 
survive  in  a  solution  of  the  bicarbonate  of  the  strength  given  in  the 
table  in  much  better  condition  than  in  the  corresponding  concentra- 
tion of  the  chloride,  so  that  the  latter  must  be  regarded  as  the  more 
harmful  of  the  two  salts.  The  wide  distribution  of  sodium  bicarbon- 
ate and  its  abundance  as  a  component  of  many  alkali  soils  renders 
the  demonstration  of  its  marked  poisonous  effects  upon  vegetation, 
even  when  present  in  comparatively  dilute  solutions,  a  matter  of  no 
little  importance.  Although  much  less  injurious  than  is  the  normal 
carbonate  or  '^  black  alkali,"  the  presence  of  this  salt  can  not  be 
neglected  in  future  estimations  of  the  value  of  western  soils. 

An  explanation  of  the  harmful  action  of  sodium  bicarbonate  which 
at  first  suggested  itself  was  that  by  its  dissociation  free  hydrogen  ions 
are  liberated,  though  the  weight  of  evidence  on  chemical  grounds  is 
rather  against  this  view.*  It  has  been  shown  by  recent  investigators* 
that  it  is  probably  the  hydrogen  ions  dissociated  by  certain  acids 
(especially  the  strong  mineral  acids)  which  make  them  so  injurious  to 
organisms,  even  in  extremely  dilute  solutions.  If  this  were  the  reason 
for  the  toxicity  of  sodium  bicarbonate  it  would  follow  that  water  heavily 
charged  with  carbon  dioxide,  as  in  the  check  experiment  described 
above  (p.  20),  would  prove  similarly  injurious  to  plant  roots  by  reason 
of  the  dissociation  of  hydrogen  ions  by  the  carbonic  acid  (HCO3), 
which  is  supposed  to  be  formed  when  carbon  dioxide  is  dissolved  in 
water.  But,  as  has  already  been  noted,  no  toxic  effect  was  obtained 
with  an  aqueous  solution  of  carbon  dioxide.^ 


>  Walker  and  Cknrmack,  Joum.  Chem.  Sec,  47, 5  (1900)  and  Bodlftnder,  Zeit.  fnr 
phyrik.  Chem.,  85,  25  (1900). 

*Eahlenberg  and  True,  Bot  Gazette,  M,  87  (1896);  Heald,  1.  c,  p.  184;  Lqeb, 
Pflflger'8  Archly  f.  die  gesammte  Physiologie,  08,  4  to  9  (1898);  Kahlenberg  and 
Austin,  Jonm.  of  Physical  Chem.,  A,  558  (1900);  Trne,  Amer.  Jonm.  Sci.  ser.  4,  8, 
188  (1900). 

^  There  exists  among  plant  physiologists  some  diversity  of  opinion  as  to  the  direct 
effect  of  large  quantities  of  carbon  dioxide  upon  the  growth  of  roots.  The  sub- 
ject is  evidently  one  which  needs  a  more  thoroughgoing  investigation,  not  only 
from  a  scientific  standpoint,  but  from  economic  reasons  also,  as  it  is  intimately 
connected  with  tillage  and  drainage  problems.  For  an  extended  discussion  of  this 
question  see  Lopriore  in  Jahrb.  f^r  vriss.  Botanik,  88, 531  (1895).  The  author  men- 
tions that  Boehm  found  roots  of  the  bean  {Phateoliut  vulgaris),  when  exposed  to 
an  excess  of  carbon  dioxide,  to  be  shorter,  and  the  lateral  roots  fewer,  than  is 
ordinarily  the  case.  Jentys  [Bui.  Intemat  Acad.  Sci.  Cracovie,  1892, 306  (1893)], 
found  that  by  passing  atmospheric  air  to  which  had  been  added  4  to  12  per  cent  of 
carbon  dioxide  through  the  soil  of  culture  pots,  an  injurious  effect  upon  the  roots 
of  the  bean  and  the  yellow  lupine  could  be  detected,  although  the  injury  was 
less  than  in  Boehm's  experiments.  On  the  other  hand,  wheat  was  practically 
unharmed.  Lopriore  (1.  c.,p.  623),  concludes  that  carbon  dioxide  in  excess  has  a 
hindering  but  not  a  permanently  injurious  influence  upon  the  functions  of  proto- 
plasm. This  effect  is  not  ascribable  to  the  absence  of  oxygen,  but  is  specific. 
Plant  cells  can  graduaUy  accommodate  themselves  to  a  quantity  of  carbon  dioxide, 
which,  it  applied  directiy,  would  injure  them.  Lopriore's  experiments  were  made 
chiefly  with  Muoor,  yeast,  and  pollen  grains  and  tubes. 
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As  there  is  probably  but  a  small  difference  in  the  amount  of  sodium 
ions  yielded  by  sodium  chloride  and  by  sodium  hydrogen  carbonate, 
at  the  dilutions  here  involved,  the  difference  in  their  toxicity  observed 
must  in  all  probability  be  ascribed  mainly  to  the  anions. 

It  is  likely  that  the  great  toxicity  of  normal  sodium  carbonate  is 
largely  due  to  the  hydroxyl  ions  resulting  from  the  hydrolysis  of 
this  salt.  In  the  case  of  the  bicarbonate  of  sodium  in  all  the  experi- 
ments involving  its  use,  and  described  in  this  paper,  hydrolysis  was 
avoided  by  dissolving  carbon  dioxide  in  the  solution  in  amounts  suf- 
ficient to  prevent  any  inversion  to  the  normal  carbonate,  a  reaction 
which  would  necessarily  result  were  hydrolysis  of  the  bicarbonate 
I>ermitted.^  Since  it  seems  reasonably  certain  that  HCO3  ions  are  not 
toxic,  the  toxic  influence  of  the  sodium  bicarbonate  solutions  could 
be  safely  attributed  to  the  sodium  ion  alone  were  it  not  for  the  fact 
that  toxic  solutions  of  this  salt  produce  the  peculiar  "  clearing  "  effect 
upon  plant  tissues  which  is  well  known  in  the  case  of  the  normal  car- 
bonate of  sodium  and  of  the  hydrates  of  potassium  and  of  sodium. 
This  effect  is  very  different  from  that  caused  by  other  salts  of  sodium, 
e.  g.,  the  sulphate  and  the  chloride. 

.  Calcium  chloride  was  found  to  be  ten  times  less  injurious  than  is 
sodium  chloride.  For  this  reason,  and  because  it  rarely  predominates 
in  areas  of  any  considerable  size,  this  salt  can  not  be  regarded  as, 
under  ordinary  circumstances,  a  dangerous  component  of  alkali  soils. 
As  we  shall  presently  see,  there  is  reason  to  believe  that  it  can  in 
many  cases  be  a  highly  beneficial  component  of  the  soil. 

Attention  should  be  directed  to  the  fact  that  the  figures  given  in 
the  above  table  represent  only  approximate  results,  the  determination 
of  the  absolute  limit  for  each  salt  depending  theoretically  upon  the 
testing  of  an  almost  infinite  number  of  concentrations.  Thus,  as  a 
rule,  solutions  of  a  concentration  of  0.2,  0.15,  0.1,  0.075,  0.050,  etc., 
normal  were  employed,  although  more  numerous  intermediate  concen- 
trations, e.  g.,  of  0.2000,  0.1825,  0.1750,  etc.,  normal  could  have  been 
tested.  However,  it  is  doubtful  whether  the  reaction  upon  plant 
tissues  of  finer  differences  could  be  detected,  and  it  is  believed  that 
for  all  practical  purposes  a  sufficient  number  of  concentrations  was 
used.  As  has  already  been  noted,  the  limits  of  endurance  in  the  case 
of  different  salts  are  not  of  precisely  equal  value,  the  roots  not  sur- 
viving in  all  in  exactly  the  same  condition.  Thus  roots  which  survived 
after  twenty-four  hours  in  a  0.005  normal  solution  of  sodium  carbonate 
presented  a  perfect  appearance  and  grew  vigorously  in  distilled  water 
during  a  subsequent  period  of  twenty-four  hours.  On  the  other  hand, 
roots  which  endured  a  0.25  normal  solution  of  calcium  chloride,  pre- 
sented a  markedly  abnormal  aspect  at  the  end  of  twenty-four  hours,  and 
made  little  subsequent  growth  when  transferred  to  water.     Likewise 

>See  paper  an  Eqnilibriam  between  Normal  Carbonates  and  Bicarbonatee  in 
Aqneons  Solations,  Cameron  and  Briggs.  Bnl.  18,  Dir.  Boils,  U.  S.  Department 
of  Agriculture  (1901);  Jonr.  Physical  Chem.,  6,  537  (1901). 
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roots  survived  in  better  condition  in  0. 0075  normal  sodium  sulphate  tliAii 
in  0.02  normal  sodium  chloride  solution.  It  was  found  much  easier  to 
determine  sharply  the  limit  of  endurance  for  sodium  carbonate  aucI 
sodium  bicarbonate  than  for  other  salts,  as  in  0.005  and  0.02  nomial 
solutions  of  the  two  carbonates,  respectively,  all,  or  nearly  all,  roots 
survived  in  apparently  perfect  condition,  while  in  0.0075  and  O.OiJo 
normal,  respectively,  all  roots  were  killed  and  symptoms  of  advanced 
disorganization  were  apparent  after  twenty-four  hours. 

CONCENTRATION  MINIMCJM  PROHIBITING  ELONGATION  OF  ROOTS. 

A  comparison  of  the  seven  salts  above  enumerated  in  regard  to  tlie 
degree  of  concentration  of  each  in  which  absolutely  no  elongation  of 
the  roots  occurred  during  twenty-four  hours  is  interesting,  as  illus- 
trating how  far  this  point  is  removed  from  that  of  the  minimum  con- 
centration which  is  still  toxic.  It  will  be  seen  that  the  position  of  the 
salts  in  this  scale  does  not  at  all  correspond  with  their  sequence  in 
the  table  of  limits  of  endurance.  In  many  cases,  especially  when  the 
solution  was  still  more  concentrated,  not  only  no  increiuse  of  length 
but  a  positive  shrinkage  of  0.5  to  2  mm.*  was  detected. 

Table  II. — Concentrations  which  absolutely  prevent  growth. 


Ck>nceiitration  of 
Bolatlon. 


Name  of  salt. 


Sodium  carbonate  ... 
Sodium  bicarbonate . 
Maffnesium  chloride . 
Somum  chloride  a — 

Sodium  sulphate 

Calcium  chloride 

Magnesium  sulphate 


Parts  per 
lOO^OUOof 

Normal. 

solution. 

200 

0.06 

417 

.06 

060 

.8 

1,160 

.8 

1.410 

.8 

1.65S 

.8 

1,880 

.8 

aAccording  to  Pfeffer  (Pflanzenphysiologie.  Bkl.  2, 1,  414)  a  culture  solution  to  which  enough 
potassium  nitrate  or  sodium  chloride  Is  added  to  render  it  isoflmotic  with  a  2  per  cent  iMtassium 
nitrate  or  1.7  per  cent  sodium  chloride  solution  causes  a  ces-sation  of  growth  m  ordinary  plants 
while  an  increase  to  3  per  cent  Is  necessary  to  prevent  growth  in  halophy tes. 

It  is  impossible  to  reconcile  this  sequence,  as  compared  with  that  of 
Table  I,  with  the  notion,  which  still  appears  to  find  advocates,  that  the 
injurious  effect  of  these  salt  solutions  is  merely  a  function  of  their 
osmotic  pressures.  If  any  fresh  evidence  were  needed  to  disprove  this 
assumption  it  is  afforded  by  the  fact,  very  clearly  brought  out  in  the 
present  investigations,  that  marked  toxic  effects  frequently  appear 
long  before  loss  of  turgor  has  manifested  itself  or  cessation  of  growth 
has  occurred.  It  is  certain  That  no  useful  conclusions  as  to  the  degree 
of  toxicity  of  a  solution  can  be  drawn  from  its  osmotic  pressure. 

True  [Bot.  Gazette,  26,  407  (1898)]  calls  attention  to  the  difficulty  of 
distinguishing  the  purely  chemical  from  the  merely  osmotic  (plasmo- 

^  In  some  solutions  this  loss  of  length  due  to  plasmolysis  was  as  great  as  that  fotuid 
by  Sachs  iu  roots  which  were  exposed  for  thirty  minutes  to  the  dry  air  of  a  room. 
(Arb.  bot  Inst.  Wtirzburg,  1,  396;  G^sammelte  Abhandl.,  2,  784,  785.) 
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lyzing)  effect  of  a  salt  solution.  He  experimented  with  Spirogyra  in 
order  to  obtain  means  of  making  such  distinction,  comparing  its 
behavior  in  a  solution  of  cane  sugar,  which  is  believed  to  possess  no 
chemically  toxic  properties,  with  that  in  solutions  of  sodium  chloride 
and  potassium  nitrate..  The  maximum  concentration  of  the  sugar 
solution  in  which  life  could  be  maintained  was  determined  to  be  0.75 
normal.  Allowing  for  differences  of  dissociation,  0.46  normal  should 
then  be  the  maximum  endurable  concentration  of  a  sodium  chloride 
solution  if  only  its  osmotic  pressure  were  involved.  In  fact,  however, 
0.1  normal  was  found  to  be  the  actual  limit,  so  that  a  definite  toxic 
action  of  sodium  chloride  must  be  admitted  (loc.,  cit.,  p.  410).^ 

Were  the  injurious  action  of  these  solutions  attributable  to  plas- 
molysis  alone,  an  approximately  equal  amount  of  elongation  should 
take  place  in  solutions  of  different  salts,  if  each  solution  contain  an 
equal  fraction  of  a  gram  equivalent  to  a  given  amount  of  water,  grant- 
ing that  the  dissociation  of  each  salt  was  equally  great  at  the  given 
concentration,  aa  would  be  approximately  true  for  strong  electrolytes 
at  the  conceiArations  here  used;  for  elongation  and  growth  in  general 
are  intimately  connected  with  the  turgor  conditions  of  the  tissues,* 
which,  in  turn,  depend  upon  the  osmotic  force  exerted  by  the  sur- 
rounding solution.  That  force  being  equal  for  each  of  two  solu- 
tions, the  turgor  and  the  amount  of  elongation  of  the  roots  immersed 
in  each  should  also  be  equal  if  osmosis  were  the  only  factor  involved. 
That  this  is  not  the  case  is  suf&ciently  established  by  the  figures  given 
in  Table  II. 

RESULTS  WITH  LESS  SOLUBLE  SALTS. 

Besides  the  easily  soluble  alkali  salts  a  few  others  were  used  in 
experiments,  i.  e.,  calcium  sulphate  [CaS04]  calcium  carbonate 
[CaCOg],  calcium  bicarbonate  [CafHCOg),],  and  the  carbonate  and 
bicarbonate  of  magnesium  [MgCOg  and  Mg(HC08)2].  These  were 
found  to  be  either  toxic  in  a  very  slight  degree,  indifferent,  or  posi- 
tively stimulating  to  growth. 

^  From  Trae*8  results  it  is  clear  that  at  the  concentrations  involved  in  onr  experi- 
ments with  pure  solutions  the  toxic  effect  observed  mast  in  every  case  be  referred 
to  action  of  a  chemical  rather  than  a  purely  physical  nature.  In  some  of  the 
mixed  solutions,  such  as  the  very  concentrated  ones  containing  calcium  sulphate, 
it  may  be  that  their  osmotic  pressure  determines  the  limit  of  endurance  of  the 
plant  roots. 

^  For  example  that,  except  perhaps  in  rare  instances,  growth  can  not  be  resumed 
after  an  interruption  (such  as  is  occasioned  by  transference  of  plants  from  one 
medium  to  another)  unless  the  turgor  of  the  plant  or  the  organ  concerned  is  nearly 
or  quite  normal,  was  shown  by  Curtis  [Bui.  Torr.  Bot.  Club,  27,  1  (1900)]  in  the 
case  of  mycelia  of  Mucor,  Botrytis,  and  Penicillium,  grown  in  a  plasmolyzing 
solution  (4  per  cent  potassium  nitrate).  As  this  author  expresses  it,  **  there  is  a 
necessity  of  a  certain  turgor  force  before  growth  is  possible,  and  growth  can  not 
occur  until  a  turgor  pressure  has  been  reached  which  is  normal  to  the  plant  grow- 
ing in  the  given  solution/'    (Loc.  cit.,  p.  11.) 
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In  a  (necessarily  dilute)  solution  of  gypsum,  which  contained  a  con- 
siderable quantity  of  the  undissolved  salt  in  suspension,  the  plants 
grew  decidedly  more  vigorously  than  in  pure  water.  ^ 

In  a  saturated,  but  necessarily  very  dilute,  solution  of  normal  cal- 
cium carbonate  [CaCO,],  roots  of  Lupinus  elongated  nearly  twice  as 
much  and  remained  in  decidedly  better  condition  during  twenty-four 
hours  than  in  distilled  water.  This  solution  gave  a  faint  reaction  for 
hydroxyl  (with  phenolphthaleine)  at  the  beginning  of  the  experi- 
ment, but  none  at  the  end  of  twenty-four  houi*s,  doubtless  because  of 
the  production  of  carbonic  acid  through  the  excretion  of  carbon 
dioxide  by  the  roots.  But  a  solution  of  calcium  bicarbonate 
[Ca(HC03)2],  made  by  saturating  a  portion  of  the  same  calcium  car- 
bonate solution  with  carbon  dioxide,  permitted  only  about  one-third 
as  much  growth  of  the  roots  as  took  place  in  distilled  water.  Their 
condition  was  decidedly  abnormal  at  the  end  of  twenty-four  hours, 
even  the  tui'gor  being  poor.* 

Magnesium  carbonate  [MgCOj],  in  a  solution  which  gave  a  strong 
hydroxyl  reaction  with  phenolphthaleine,  allowed  the  i-oots  to  grow- 
about  as  rapidly  as  in  distilled  water  and  to  remain  in  about  normal 
condition.  On  the  other  hand,  a  portion  of  the  same  solution  to 
which  an  excess  of  carbon  dioxide  was  added  and  in  which  no  fi-ee 
hydroxyl  could  be  detected  (either  before  or  after  the  experiment) 
exerted  a  strongly  toxic  action  upon  the  roots.  These  made  practi- 
cally no  growth  during  twenty-four  hours;  their  turgor  became 
decidedly  inferior,  and  there  occurred  a  marked  discoloration  of 
brownish  spots,  such  as  is  produced  by  the  readily  soluble  mag- 
nesium salts.  Here  it  is  obviously  a  case  of  a  greater  amount  of 
magnesium  in  solution,  owing  to  the  presence  of  carbon  dioxide  in 


^  The  stimulating  effect  which  lime  often  exercises  upon  the  growth  of  plants  is 
too  well  known  to  require  illustration.  The  presence  of  calcium  salts  in  consid- 
erable quantity  leads  to  a  more  vigorous  production  of  root  hairs  than  is  normally 
the  case,  as  c^n  easily  be  demonstrated  by  culture  experiments,  in  which  only  the 
tip  of  the  root  is  immersed  in  the  calcium  salt  solution.  On  the  surface  of  the  root 
above  the  solution  a  great  nnmber  of  unusually  long  root  hairs  appear.  To  this 
effect  of  the  presence  of  lime,  and  the  consequent  readier  absorption  of  potassium 
and  ammonium  salts  from  the  soil,  Loew  attributes  in  part  the  benefits  obtained 
by  liming.  (Bui.  No.  18,  Div.  Veg.  Phys.  and  Path. ,  U.  S.  Department  of  Agricul- 
ture, p.  48. )  That  calcium  salts  directly  stimulate  growth « apart  from  the  produc- 
tion of  root  hairs,  is,  however,  shown  by  cultures  with  the  root  entirely  immersed 
in  an  aqueous  solution,  thus  precluding  any  important  development  of  these  organs. 

*Sohloesing*s  investigations  [Comptesrendus,  74, 1552  (1872)]  showed  that  100,000 
parts  of  pure  water,  i.  e.,  free  from  dissolved  carbon  dioxide,  would  dissolve  about 
1.8  parts  of  calcium  carbonate.  Tread  well  and  Renter  [Zeit.  ffir  anorg.  Chem., 
S5,  28  (1900)]  showed  that  by  increasing  the  pressure  of  the  carbon  dioxide  in 
the  gas  phase  in  contact  with  the  solution  until  it  was  one  atmosphere,  the  solu- 
bility was  increased  so  that  100,000  xiarts  of  water  would  dissolve  116  parts  of 
oaloium  carbonate.  Even  at  this  extreme  solubility  there  would  be  but  46  parts 
of  calcium  per  100,000  of  water,  as  against  about  60  parts  in  a  saturated  solution  of 
calcium  sulphate,  in  which  plants  thrive  well. 
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exceSvS.^     Why  the  corresponding  calcium  solution  should  also  hinder 
^roi^th  can  not  be  satisfactorily  explained  at  present. 

RESULTS  WITH  MIXED  SOLUTIONS. 

Upon  comparing  the  limits  of  endurance  for  lupine  roots  in  pure 
solutions  of  the  "alkali"   salts  with  the  limits  determined  by  the   - 
methods  employed  in  a  field  survey,  it  became  obvious  that  the  for- 
mer were  vastly  lower  than  the  latter;  and  that  furthermore  the  order 
of   toxicity  of  the  several  salts  as  fixed  by  investigators  in  the  field 
differed  greatly  from  that  obtained  by  experiments  in  the  laboratory. 
Tliis  was  strikingly  the   case   with  magnesium  sulphate,  which  is 
decidedly  the  most  toxic  of  the  seven  salts  when  alone  in  a  pure 
aqiieous  solution,  but  which  is  regarded  as  the  least  injurious  by 
students  of  alkali  soils.     Hut  it  was  recalled  that  none  of  these  salts 
usually  occurs  in  any  notable  quantity  in  the  soil  save  in  the  pres- 
ence of  one  or  several  others,  both  of  the  readily  soluble  salts  and  of 
tlie  comparatively  insoluble  magnesium  carbonate,  calcium  carbonate, 
and  calcium  sulphate.     The  key  to  the  discrepancy  appeared  there- 
fore to  lie  in  mixtures  of  the  various  salts,  and  the  study  of  these 
became,  logically,  the  next  step  in  the  investigation. 

In  experimenting  with  mixed  solutions  it  was  planned  to  test  every 
possible  combination  of  two  of  the  readily  soluble  salts  with  which 
experiments  were  made  in  pure  solutions.  Another  line  of  experi- 
ments, from  which  were  obtained  results  which  are  believed  to  be  of 
considerable  scientific  interest  and  from  an  economic  point  of  view 
to  indicate  one  of  the  possible  solutions  of  the  alkali  soil  problem,  con- 
sisted in  combining  each  of  the  readily  soluble  salts  with  each  of 
three  difficultly  soluble  ones — calcium  sulphate,  calcium  carbonate, 
and  magnesium  carbonate.  The  only  triple  mixtures  so  far  tried  are 
those  of  each  readily  soluble  salt  (except  calcium  chloride)  with  cal- 
cium sulphate  and  calcium  carbonate.  Sodium  bicarbonate  was 
tested  only  in  this  triple  mixture. 
Although  the  worlc  with  mixtures  of  salts  is  by  no  means  com- 


^Treadwell  and  Renter  [Zeit.  ftlr  anorg.  Chem.,  17,  199  (1898)]  showed  that  at 
15°  C.  and  nnder  a  partial  presBnre  of  carbon  dioxide  in  the  vapor  phase  eqnal  to 
zero,  pare  water  dissolves  abont  63  parts  of  magnesium  carbonate  per  100,000. 
With  a  partial  pressore  of  carbon  dioxide  in  the  vapor  phase  equal  to  one  atmos- 
phere there  was  dissolved  about  1,211  parts  magnesium  hydrogen  carbonate, 
equivalent  to  698  parts  of  the  normal  carbonate  per  100,000  of  solution,  [t  is  thus 
seen  that  the  solubility  Is  enormously  increased  by  the  presence  of  carbon  dioxide. 
Cameron  and  Briggs  [Bui.  18,  p.  22,  Division  of  Soils,  U.  S.  Department  of  Agricul- 
ture (1900)]  showed  that  a  solution  of  magnesium  carbonate  in  solution  in  equi- 
librium with  ordinary  air  contained  about  18  parts  of  magnesium  in  100,000  of 
solution,  which  might  have  been  expected  to  be  enough  to  prohibit  growth  in  yiew 
of  the  toxicity  of  solutions  of  magnesium  chloride  and  magnesium  sulphate.  It 
should  be  further  noted  that  it  was  shown  that  6  parts  of  the  dissolved  magnesiam 
was  combined  as  the  normal  carbonate,  so  that  the  solution  contained  more  than 
appreciable-amounts  of  OH  ions,  resulting  from  the  hydrolysis  of  this  latter  salt. 
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pleted,  the  data  thus  far  obtained  throw  so  much  light  on  the  whole 
subject  of  alkali  soils,  and  go  so  far  to  account  for  the  fact  that  the 
limits  of  endurance  of  plants  in  pure  solutions  of  the  various  salts 
are  low  as  compared  with  those  determined  from  the  observations 
of  survey  parties  in  the  field,  that  it  seems  advisable  to  present 
them  here. 

In  the  case  of  mixtures  of  two  readily  soluble  salts,  solutions  of 
each,  of  twice  the  desired  concentration,  were  mixed  in  equal  vol- 
umes. Where  one  of  the  salts  is  a  comparatively  insoluble  one,  it 
was  added  in  solid  form  to  a  solution  of  definite  concentration  of  the 
soluble  one,  and  the  mixture  was  then  diluted  to  the  required  con- 
centration, as  though  the  more  soluble  salt  alone  were  present,  (The 
source  of  error  incurred  by  this  method  was  considered  so  alight  an 
to  be  practically  negligible.)  The  mixture  was  then  allowed  to 
stand  for  a  week  or  ten  days  with  frequent  shaking,  in  order  to  bring 
it  to  equilibrium  before  using.  In  all  mixtures  of  magnesium  car- 
bonate and  of  calcium  carbonate  alone  with  other  salts,  the  undis- 
solved residue  was  removed  by  filtration.  Likewise  in  earlier  experi- 
ments with  calcium  sulphate  added  to  other  salts,  the  residue  was 
removed,  but  in  those  upon  which  are  based  the  limits  given  in  the 
tables  it  was  retained.  In  all  cases  where  both  calcium  sulphate  and 
calcium  carbonate  were  added,  the  undiasolved  residue  remained 
during  the  culture.  The  difference  in  limit  due  to  the  presence  or 
absence  of  a  solid  excess  was,  however,  usually  imperceptible,  and 
always  slight. 

In  every  case  the  object  was  to  ascertain  how  far  the  limit  of  endur- 
ance for  the  roots  in  the  presence  of  the  more  toxic  salt  could  be 
raised  by  addition  of  one  that  is  less  injurious.  Although  the  con- 
centration of  solution  of  the  latter  is  invariably  stated,  if  it  be  a 
readily  soluble  salt,  it  is  the  concentration  of  solution  of  the  more 
poisonous  salt  as  denoting  a  corresponding  limit  of  endurance  to 
which  attention  is  chiefly  directed.  It  is  interesting  that  in  cases 
where  both  of  the  salts  mixed  are  readily  soluble  ones  the  less  toxic 
salt  appears  usually  to  be  more  effective  in  neutralizing  the  more 
toxic  one  when  added  in  concentration  somewhat  above  rather  than 
below  that  in  which  plant  roots  will  endure  it  when  alone.  Thus,  in  a 
mixture  containing  equal  volumes  of  0.0075  norpial  sodium  carbonate 
and  0.01  normal  sodium  sulphate,  roots  of  two  plants  survived,  but  all 
died  when  the  mixture  contained  0.0075  normal  sodium  carbonate  and 
only  0.005  normal  sodium  sulphate.  Also  a  majority  of  the  roots 
could  retain  their  vitality  in  a  mixture  containing  equal  volumes 
of  0.0025  normal  magnesium  sulphate  and  of  0.01  normal  sodium 
sulphate,  but  not  in  0.0025  normal  magnesium  sulphate  plus  0.005 
normal  sodium  sulphate.  Similar  results  were  obtained  by  adding 
sodium  sulphate  to  magnesium  chloride  and  sodium  chloride  to  mag- 
nesium sulphate.  The  reverse  was  true,  however,  in  the  mixtures  of 
magnesium  chloride  and  sodium  chloride,  the  less  concentrated  solu- 
tion of  the  latter  proving  more  beneficiaL 
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The  csoncentrations  are  stated,  as  in  preceding  tables,  both  in  parts 
of  salt  to  100,000  of  solution  and  in  fractions  of  a  normal  solution. 

In  the  following  tables  of  the  effects  of  mixtures  each  of  the  more 
soluble  alkali  salts  (excepting  sodium  bicarbonate)  is  taken  up  in 
succession  in  the  order  of  its  toxicity  in  pure  solution.  The  neutral- 
izing effect  is  expressed  in  terms  of  the  greatest  concentration  of  the 
more  toxic  salt  endurable  in  the  presence  of  the  less  toxic  one.  As 
the  determination  of  the  value  of  a  less  injurious  salt  in  neutralizing 
a  more  toxic  one  was'  the  objective  of  all  experiments  with  mixtures, 
it  follows  that  the  number  of  added  salts  decreases  successively  from 
table  to  table.  For  comparison,  the  limit  of  endurance  for  the  more 
toxic  salt  in  pure  solution  is  stated  at  the  head  of  the  table.  The 
details  of  neutralizing  effect  upon  each  salt  are  taken  up  in  connec- 
tion with  its  respective  table,  while  a  discussion  of  the  general  sig- 
nificance of  the  whole  series  of  experiments  with  mixtures  of  two 
solutions  is  appended. 

The  results  embodied  in  Tables  III  to  IX  were  obtained  from  experi- 
ments with  LupiniLS  dtbus  only.  In  Table  X,  however,  the  limits 
are  given  for  both  Lupinics  albus  and  Medicago  sativa  (alfalfa)  in 
solutions  of  each  readily  soluble  salt  (excepting  calcium  chloride)  in 
the  presence  of  an  excess  of  calcium  sulphate  and  calcium  carbonate 
together. 

MAGNESIUM  SULPHATE  IN  MIXTURES. 

The  following  table  shows  the  results  of  experiments  with  Lupinus 
in  solutions  of  magnesium  sulphate  with  other  salts  added : 

Table  III. — Limits  for  magnesium  sulphate  in  mixtures. 


Name  of  salt  added. 


None  

Mi^esinm  chloride 

Soalum  carbonate 

Sodium  sulphate 

Sodium  chloride 

Calcium  chloride 

Magrpesium  carbonate 

Calcium  carbonate 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 


Greatest 

endurable 

concentration    o  f 

mafirnesium    s  u  1  • 

phate. 

Infrac 

tions  of  a 

normal 

solution. 

In  parts 
per  100,000 
of  solution. 

0.0012S 

7 

.000626 

3.5 

.00125 

7 

.00875 

21 

.0075 

42 

.2 

1,120 

.01 

66 

.02 

112 

.6 

3,360 

A 

2,240 

Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


0.0026 
.0026 
.01 
.015 
.2 

Saturated. 

Saturated. 

Saturated. 

Saturated. 


In  parts  per 

looTooo  of 

solution. 


12 
13 
80 
87 
1,101 

Saturated. 

Saturated. 

Saturated, 

Saturated. 


In  the  light  of  figures  given  above,  the  enormous  discrepancy  between 
the  results  obtained  by  experiments  with  this  salt  in  pure  solution  and 
the  limit  determined  by  field  survey  is  completely  oblit»erated.  For 
in  alkali  lands  magnesium  sulphate  is  rarely,  if  ever,  found  in  any 
quantity  except  in  the  presence  of  calcium  sulphate;  and  it  is  com- 
monly accompanied  by  both  sodium  and  calcium  sulphate  (the  Billings, 
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Mont.,  type  of  alkali  soiP).  Addition  of  sodium  sulphate,  which  is 
itself  so  injurious  in  a  pure  solution,  raises  the  limit  for  magnesium 
sulphate  three  times,  while  the  presence  of  calcium  sulphate  allows  a 
small  proportion  of  the  roots  to  barely  survive  during  twenty-foar 
hours  in  a  solution  of  magnesium  sulphate  480  times  as  concentrated, 
as  that  which,  in  pure  solution,  represents  the  limit  of  endurance.  A 
careful  comparison  was  made  between  0.3  and  0.4  normal  solutions  of 
magnesium  sulphate,  both  in  the  absence  and  the  presence  of  an  excess 
of  calcium  sulphate,  five  individuals  of  Lupiniisalhus  being  cultivated 
for  48  hours  in  each  of  the  four  solutions.  The  following  table  gives 
the  results: 

Table  IV. — Magnesium  sulphate  with  and  ivithotit  calcium  sulphate. 


Solatlons. 


Magnesiam  sulphate  (0. 8  normal) 


MagnMinm  sulphate  (0. 8  normal)  +  calcium 
sulphate. 

Magnesium  sulphate  (0. 4  normal) 

Magnesium  sulphate  (0. 4  normal)  +  calcium 
sulphate. 


Average 
elongation 

ofthe 
marked  por- 
tion of  the 
root. 


Qeneral  condition  of  the  roots. 


Millinietern. 
0.7 


10.2 


.8 
13.0 


Extremely  flaccid,  and  discolored* 
with  brownish  blotches;  extreme- 
ly planmolyzed. 

Turgor  normal;  plasmolysis  none; 
but  all  roots  quite  badly  discol- 
ored. 

About  as  in  0. 3  normal. 

Turgor  normal;  plasmolysis  none; 
all  but  one  root  quite  oadly  dis- 
colored. 


In  both  pure  solutions  the  protoplasm  of  tlie  nearly  isodiametric 
cells  of  the  periblem  was  completely  withdrawn  from  the  cell  wall  and 
collected  with  the  nucleus  in  a  compact  mass  near  the  center  of  the  cell; 
while  in  both  solutions  to  which  calcium  sulphate  had  been  added 
no  trace  of  plasmolyzing  action  could  be  detected  in  the  cells  of  the 
periblem,  the  protoplasm  being  closely  applied  to  the  wall,  with  large 
vacuoles  in  the  older  cells,  and  the  nucleus  usually  peripheral.  Pre- 
cautions were  taken  while  preparing  the  sections  to  keep  the  tissues 
immersed  in  the  culture  solution,  and  the  absence  of  plasmolysis  in 
the  roots  taken  from  the  solutions  containing  calcium  sulphate  is 
sufficient  evidence  that  the  pure  solutions  had  produced  this  effect 
during  the  period  of  culture  rather  than  after  withdrawal.' 


'See  Whitney  and  Means,  Bui.  14,  Div.  Soils,  U.  S.  Department  of  Agriculture 
(1898),  and  Cameron,  Bnl.  17,  p.  32,  Div.  Soils,  U.  S.  Dei>artment  of  Agricnlture 
(1901). 

'Woirs  observation  (see  footnote,  p.  40)  that  both  Ca  (NO,),  and  Mg  (NO,), 
are  readily  absorbed  by  plant  roots  when  mixed  together,  while  neither  is  readily 
absorbed  from  a  pare  solation,  renders  it  highly  probable  that  in  this  case  of  a 
mixture  of  MgSOf  and  CaSO^  it  is  the  rapid  endosmosis  of  the  salts  into  the  cells 
of  the  plant  roots  which  prevents  pla.smoly8is  of  the  latter.  In  short  this  mixture 
is  to  be  compared  with  those  substances  described  by  Overton  [Vierteljahrsschr. 
Naturf.  Gessells  ch.  Zurich  40, 1  U^^^)]  which  produce  only  transient  plasmolysis, 
owing  to  their  more  or  less  rapid  passage  through  the  ectoplasm  into  the  cell  sap. 
As  determined  by  De  Vries  [Jahrb.  fiir  wiss.  Botauik,  14,  537  (1884)],  a  1.8  per 
cent  solution  of  magnesium  sulphate  (which  would  correspond  to  our  0.3  nomial 
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In  the  presence  of  both  ealcinm  snlphate  and  calcium  carbonate 
abided  in  excess  to  a  solution  of  magnesium  sulphate,  the  limit  of 
endurance  is  only  two-thirds  as  high  as  when  calcium  sulphate  alone 
is  added. 

Calcium  as  the  chloride  has  also  a  powerful  effect  in  neutralizing  the 
toxicity  of  magnesium  sulphate.  But  here  the  addition  of  a 'new 
anion  (CI),  besides  the  added  cathion  (Ca),  seems  to  diminish  the 
beneficial  effect  of  the  latter,  since  the  chloride,  although  a  readily 
soluble  salt,  raises  the  limit  for  magnesium  sulphate  only  one-third  as 
much  as  does  the  little- soluble  calcium  sulphate.  In  a  mixture  of 
calcium  chloride  and  magnesium  sulphate  a  crystalline  precipitate  of 
calcium  sulphate  separates  slowly  or  rapidly  in  proportion  to  the  con- 
centration of  the  solutions,  so  that  the  case  becomes  that  of  the 
contact  of  solid  calcium  sulphate  with  a  solution  of  magnesium  chlo- 
ride. As  would  be  expected,  the  limit  of  endurance  for  magnesium 
sulphate  plus  calcium  chloride  is  the  same  as  that  for  magnesium 
chloride  plus  calcium  sulphate  (Table  V). 

Sodium  salts  are  veiy  much  less  effective  in  neutralizing  magnesium 
sulphate  than  are  salts  of  calcium.  In  the  case  of  sodium  salts  it  is 
the  chloride  which  is  most  effective,  so  that  here  we  seem  to  have  a 
beneficial  effect  of  the  anion  as  well  as  of  the  cathion.  Yet  the  absence 
of  any  neutralizing  effect  when  magnesium  chloride  is  added  to  mag- 
nesium sulphate  shows  that  the  CI  ions  alone  are  ineffective. 

In  one  case  the  addition  of  a  salt  with  a  common  basic  ion — i.  e., 
magnesium  carbonate — raises  the  limit  of  endurance  in  magnesium 
sulphate  eight  times.  ^  By  a  simple  process  of  elimination,  since 
magnesium  ions  are  ineffective  in  the  form  of  magnesium  chloride 
when  added  to  magnesium  sulphate,  although  chlorine  ions  appear 
to  have  in  themselves  some  neutralizing  value  when  added  as  sodium 
chloride,  we  are  compelled  to  attribute  the  beneficial  influence  of 
magnesium  carbonate  to  CO3,  or  more  probably  HCOg,  ions,  a  point  to 
which  we  will  return  in  discussing  the  stimulating  effect  of  dilute 
solutions  of  sodium  carbonate  and  sodium  bicarbonate.  Noteworthy 
is  the  fact  that  calcium  carbonate,  although  much  less  soluble  than 
the  corresponding  salt  of  magnesium,  is  twice  as  effective  an  anti- 
dote for  magnesium  sulphate.  This  affords  another  striking  proof  of 
the  great  efficacy  of  calcium  as  a  remedy  for  magnesium  poisoning. 


solntion),  is  the  isotonic  equivalent  of  a  0.1  normal  solntion  of  potassinm  nitrate, 
which  is  usnally  taken  as  the  nnit  in  measnrements  of  osmotic  pressare  of  soln- 
tions.  True  [Hot.  Gazette,  26,  p.  410  (1806)]  found  that  plasmolysis  of  Spirogyral 
cells  in  a  KNO,  solution  first  appeared  at  a  concentration  of  0.25  normal.  De 
Vries*  results  seem  to  indicate  that  the  osmotic  value  of  each  comx)onent  in  a 
mixed  solution  (of  two  or  three  salts)  is  equal  to  that  of  the  respective  compo- 
nent when  present  alone  at  the  given  concentration,  a  point  not  in  accord  with 
well-established  facts. 

*The  roots  barely  survive  in  poor  condition  in  a  0.01  normal  magnesium  sul- 
phate solution  plus  an  excess  of  magnesium  carbonate;  bnt  in  0,00o  normal  magne- 
sium sulphate  solution  plus  magnesium  carbonate  some  of  the  roots  were  perfectly 
normal  after  a  twenty-four  hours'  culture. 
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MAGNESIUM  CHLORIDB  IN  MIXTURES. 


The  results  of  experiments  with  magnesium  chloride  in  mixtures 
with  other  salts  are  shown  in  the  following  table: 

Table  V. — Limits  for  magnesium  chloride  in  mixtures. 


Name  of  salt  added. 


None 

Sodium  carbonate 

Sodium  sulphate 

Sodium  chloride 

Calcium  chloride 

Magnesiam  carbonate 

Calcium  carbonate 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 


Greatest  endurable 
concentration  of 
magnesium  chloride. 


Infrac- 
tions of  a 
normal 
solution. 


o.ooes5 

.00e25 

.01 

.01 

.1 

.0025 

.04 

.2 

.2 


In  parts 
per  100,000 
of  solu- 
tion. 


12 

12 

48 

48 

480 

12 

192 

960 

900 


Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


0.00375 
.01 
.08 
.15 

Saturated. 

Saturated. 

Saturated. 

Saturated. 


InjMtrtsper 
100,000  of 
solution. 


19.6 

80 
118 
720 

Saturated. 
Saturated. 
Saturated. 
Saturated. 


In  the  alkali  soils  of  the  Western  United  States  magnesium  chloride 
rarely  occurs  in  such  large  quantities  as  to  be  regarded  as  more  than 
secondary  in  importance.^ 

As  in  the  case  of  magnesium  sulphate,  calcium  is  found  to  be  much, 
more  effective  than  sodium  in  neutralizing  magnesium,  but  here  cal- 
cium chloride  is  relatively  more  effective  than  with  magnesium  sul- 
phate, raising  the  limit  for  magnesium  chloride  one-half  (instead  of 
only  one-third)  as  far  as  does  calcium  sulphate.  But  calcium  is  much 
less  effective  with  the  chloride  than  with  the  sulphate  of  magnesium, 
as  is  evident  from  the  relative  efficacy  of  calcium  sulphate  in  raising 
the  limits  of  endurance  of  the  two  magnesium  salts.  Hence  we  have 
here  another  indication  (as  in  the  case  of  calcium  chloride  added  to 
magnesium  sulphate)  that  chlorine  ions  by  their  presence  lower  the 
neutralizing  efficacy  of  calcium;  although  in  the  absence  of  the  latter 
base,  magnesium  chloride  is  only  one-half  as  toxic  as  is  magnesium 
sulphate.  While  the  beneficial  effect  of  calcium  sulphate  upon  mag- 
nesium sulphate  is  decreased  by  the  addition  of  an  excess  of  calcium 
carbonate,  the  presence  of  the  carbonate  does  not  affect  the  value  of 
calcium  sulphate  as  an  antidote  to  magnesium  chloride. 

While  calcium  carbonate  is  equally  effective  in  raising  the  limits 
of  the  two  soluble  magnesium  salts  (sixteen  times),  magnesium  car- 
bonate, which  raised  the  limit  of  magnesium  sulphate  eight  times, 

^  Magnesium  rarely  makes  its  specific  effects  npon  plant  life  felt  in  the  **  alkali  " 
soils,  owing  to  the  omnipresence  there  of  considerable  calcimn  salts.  In  certain 
areas  of  the  Eastern  States,  notably  in  the  so-called  *'  serpentine  barrens  "  of  Penn- 
sylvania and  Maryland,  it  appears  to  be  relatively  more  important,  probably 
because  it  is  there  present  in  excess  over  calcium,  although  the  actual  amount  of 
both,  which  may  be  present  in  the  soil  solutions  at  any  given  tinle,  must  be 
extremely  small. 
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has  no  effect  upon  magnesium  chloride.     As  it  appears  to  be  neces- 
sary to  regard  the  HCOg  ions  as  the  effective  element  in  the  former 
combination,  we  must  conclude  that  these  act  beneficially  in  the 
presence  of  Mg  and  SO4,  but  are  powerless  in  the  presence  of  Mg  and 
CI.     But  as  calcium  carbonate  is  equally  effective  as  an  antidote  to 
magnesium  chloride  and  to  magnesium  sulphate,  it  would  follow  that 
the  power  of  CI  ions  to  hinder  the  effect  of  HCOj  ions  disappears  in 
the  presence  of  Ca  ions,  while,  as  already  noted,  CI  ions  appear  to 
diminish  the  value  of  Ca  ions  as  an  agency  for  counteracting  Mg  ions. 
Comparisons  such  as  these  show  how  difficult  it  is  to  attempt  an 
interpretation  of  toxicological  phenomena  in  the  light  of  current 
chemical  and  physiological  ideas.     Possibly  determinations  of  the 
solubility  and  degree  of  dissociation  of  these  different  salts  in  mix- 
tures may  afford  some  clue  to  the  numerous  anomalies.    On  the  other 
hand,  it  is  difficult  to  see  any  justification  for  using  the  reactions  of 
organisms  in  determining  the  dissociation  constants  of  electrolytes. 
The  many  nonconcordant  i-esults  recently  described  in  the  literature 
can  hardly  be  regarded  as  throwing  discredit  upon  the  dissociation 
hypothesis,  but  rather  as  demonstrating  the  unsatisfactory  nature  of 
the  method  employed  for  the  investigation  in  hand. 

Sodium  sulphate  and  sodium  chloride  are  equally  effective  in  rais- 
ing the  limit  of  magnesium  chloride  (four  times).  The  former  is  more 
effective,  and  the  latter  decidedly  less  so,  than  in  the  case  of  magne- 
sium sulphate,  so  that  the  anions  (CI,  SO4)  and  not  alone  the  cathions 
(Mg,  Na)  appear  to  make  their  influence  felt  in  these  cases. 

SODIUM  CARBONATE  IN  MIXTURES. 

Table  VI  shows  results  of  experiments  with  mixtures  of  other  salts 
with  sodium  carbonate : 

Table  VL — Limits  for  sodium  carbonate  in  mixtures. 


Name  of  salt  added. 


Greatest  endurable 
concentration  of 
sodium  carbonate. 


None 

Sodium  sulphate 

Sodium  chloride 

Calcium  chloride 

Mafirnesium  carbonate 

Calcium  carbonate  ..'. 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 


In  frac- 
tions of  a 

normal 
solution. 


0.005 
.0075 
.0005 
.25 
.01 
.0076 
.03 
.03 


In  parts 

per  100,000 

solution. 


28 

89 

13 

1,300 

52 

39 

156 

156 


Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


0.01 
.01 
.25 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


In  parts  per 
U»),000  of 
solution. 


80 

58 

1,377^ 

Saturated. 

Saturated. 

Saturated. 

Saturated. 


As  the  above  table  shows,  sodium  chloride  is  ineffective  as  an  anti- 
dote to  sodium  carbonate;  calcium  carbonate  barely  raises  the  limit 
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of  endurance,  while  magnesium  carbonate  merely  doubles  it.  It  is 
interesting  that  magnesium  carbonate  should  here  be  more  effective 
than  the  corresponding  salt  of  calcium,  since  in  all  other  cases  the 
latter  Ls  the  more  beneficial.^  Sodium  sulphate  is  likewise  of  very 
little  neutralizing  value,  and  the  soluble  salts  of  magnesium  possess 
none  so  far  as  was  ascertained.  Calcium  sulphate  raises  the  limit 
only  six  times,  the  presence  or  absence  of  an  excess  of  calcium  car- 
bonate not  affecting  the  value  of  the  sulphate.  This  comparatively 
slight  efficacy  of  calcium  sulphate  in  neutralizing  "black  alkali"  is 
rather  surprising  in  view  of  the  accepted  ideas  of  students  of  alkali 
soils  in  regard  to  the  curative  value  of  gypsum.^  The  comparative 
inefficacy  of  calcium  sulphate  in  this  case  contrasts  strikingly  with 
its  power  to  neutralize  sodium  in  the  forms  of  sulphate  (Table  VII) 
and  chloride  (Table  VIII). 

Calcium  chloi-ide  is  the  only  salt  found  to  be  very  effective  in 
neutralizing  sodium  carbonate,  raising  the  limit  of  endurance  for  the 
latter  fifty  times.  A  mixture  of  solutions  of  the  two  salts  causes  an 
immediate  heavy  precipitate  of  calcium  carbonate,  to  which  fact  the 
efficacy  of  the  added  salt  must  be  largelj'^  Jiscribed.  We  should  be 
dealing  in  this  case  with  a  solution  of  sodium  chloride  containing  a 
large  excess  of  calcium  carbonate.  Yet  bj'  dii'ect  addition  of  solid 
calcium  carbonate  to  a  solution  of  sodium  chloride,  the  limit  of  endur- 
ance for  the  latter  can  be  raised  only  three  times,  i.  e.,  to  0.06  normal 
(see  Table  VIII).  Here  again  chemistry  appears  to  be  powerless  to 
afford  an  explanation  of  a  phenomenon  which,  in  the  present  state 
of  our  knowledge,  must  be  regarded  as  paradoxical.'* 

A  very  noteworthy  result  was  obtained  by  experiments  with  sodium 
carbonate,  as  well  as  with  sodium  bicarbonate,  in  the  presence  of  an 
excess  of  calcium  sulphate  and  calcium  carbonate.  In  solutions  of 
critical  concentration  of  both  of  these  mixtures  a  majority  of  the 
roots  of  the  lupine  plants  were  completely  destroyed  with  pronounced 


^  The  probability  of  the  formation  of  a  double  carbonate,  with  a  consequent 
lowering  of  the  active  mass,  as  well  as  a  probable  change  of  nature  of  the  ions, 
suggests  itself  very  forcibly  in  this  connection.  It  is  hoped  that  time  and  oppor- 
tunity will  be  found  in  the  near  future  to  test  this  supposition,  in  the  laboratory. 

« Hilgard, Bui.  128,  Agr.  Exp.  Sta.,  Univ. Calif., pp.  16  to  18  (1900).  It  should  be 
stated,  however,  that  Hilgard  recommends  the  application  of  gypsum  under  phys- 
ical conditions  which  would  not  probably  be  considered  analogous  to  those  under 
which  the  experiments  here  described  were  performed. 

^In  marked  contrast  with  this  anomalous  case  is  that  of  the  mixture  of  magne- 
sium sulphate  and  calcium  chloride,  in  which  a  precipitate  of  calcium  sulphate  is 
formed  and  which  is  therefore  to  be  regarded  as  a  solution  of  magnesium  chloride 
containing  a  solid  excess  of  calcium  sulphate.  Here  the  limit  of  endurance  is  the 
same  as  when  solid  calcium  sulphate  is  added  directly  to  a  solution  of  magnesium 
chloride.  The  same  thing  is  true  of  a  mixture  of  sodium  sulphate  and  calcium 
chloride  in  which  the  limit  of  endurance  is  the  same  as  for  sodium  chloride  plus 
cftlcinm  sulphate. 
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corrosion  due  presumably  to  the  action  of  hydroxyl  ions,  while  a 
smaller  number  survived  in  apparently  perfect  condition,  and  this 
occurred  in  repeated  experiments.  In  critical  solutions  of  other  salts 
and  mixtures  of  salts,  however,  there  was  rarely  such  sharp  differ- 
ence in  appearance  between  roots  which  survived  and  those  which 
died  during  twenty-four  hours'  culture;  as  a  rule  none  of  the  roots 
were  in  normal  condition  at  the  end  of  the  experiment.  In  other 
words,  the  difference  of  individual  plants  in  their  power  to  resist  toxic 
action  appears  to  be  more  pronounced  in  the  case  of  the  two  carbonates 
of  sodium  than  of  other  '^ alkali  salts."  This  would  indicate  that  the 
selection  of  plants  for  resistance  to  ''black  alkali"  offers  a  simpler 
problem  than  where  resistance  to  other  components  of  alkali  soils  is 
to  be  sought. 


SODIUM  SULPHATE  IN  MIXTURES. 


Experiments  with  sodium   sulphate  in  mixtures  with  other  salts 
show  the  following  results: 

Table  VII,— Limits  for  sodium  sulphate  in  miivtures. 


Name  of  salt  added. 


None 

Sodium  chloride '. 

Oaldam  chloride 

Magnesium  carbonate 

Galciam  carbonate 

Calcinm  sulphate 

Calcium  salphate  and  calcium  carbonate  a  ... 


Greatest  endurable 
concentration  of 
sodium  sulphate. 


In  frac- 
tions of  a 

normal 
solution. 


0.0075 
.00875 
.2 
.08 
.04 
.5 
.3 


In  parts 
per  100,000 
ofsolution. 


63 

S6.5 

1,272 

212 

281 

3.530 

1,906 


Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


0.01 
.2 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


In  partsper 
100,000  of 
solution. 


58 
1.102 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


a  See  BuL  17.,  p.  22  et  seq.,  Division  of  Soils,  U.  B.  Department  of  Agriculture,  1901. 

Sodium  sulphate  is  very  abundant  in  "alkali"  soils,  often  occurring 
in  contact  with  each  or  several  of  the  other  salts.  In  the  Billings, 
Mont.,  type,  for  example,  it  is  accompanied  by  the  sulphates  of  mag- 
nesium and  calcium,  while  in  the  Fresno,  Cal.,  type  it  is  in  contact  with 
sodium  carbonate. 

Most  effective  for  neutralizing  this  salt  is  calcium  sulphate,  which 
raises  the  limit  more  than  sixty  times  when  added  alone.  In  the 
presence  of  an  excess  of  calcium  carbonate,  however,  calcium  sul- 
phate can  increase  the  limit  of  endurance  for  sodium  sulphate  only 
about  forty  times.  This  is  probably  due  to  a  forcing  back  of  the  dis- 
sociation and  decrease  of  solubility  of  the  calcium  sulphate  by  the 
calcium  carbonate,  although,  as  Cameron  and  Seidell  ^  have  shown, 
either  salt  is  rather  soluble  in  dilute  solutions  of  sodium  sulphate. 

'  Solution  Studies  of  Salts  Occurring  in  Alkali  SolLs,  BnL  IS,  Division  of  Soils, 
U.  S.  Department  of  Agricultare. 
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As  in  the  case  of  all  the  other  salts  except  sodium  carbonate,  cal 
cium  chloride  is  less  effective  than  calcium  sulphate,  raising  the  limit 
only  twenty-seven  times.  In  this  case,  as  in  the  mixture  of  calcium 
chloride  with  magnesium  sulphate,  a  crystalline  precipitate  of  calcium 
sulphate  is  formed,  so  that  it  actually  becomes  a  case  of  the  contact 
of  calcium  sulphate  with  a  solution  of  sodium  chloride,  and  the  same 
limit  was  obtained  by  a  direct  test  of  this  latter  mixture.  Calcium 
carbonate  is  much  less  effective  in  neutralizing  sodium  sulphate  than 
in  counteracting  the  toxic  action  of  magnesium  salts. 

Calcium  sulphate  is  more  effective  as  an  antidote  to  sodium  sulphate 
than  to  any  other  salt  tried  except  magnesium  sulphate.  In  both 
these  cases  the  anion  of  the  added  salt  is  the  same  as  that  of  the  more 
toxic  one;  hence  the  eathions  alone  seem  to  operate.  Possibly  a  dou- 
ble salt  of  sodium  and  calcium  is  formed  in  this  mixture.  Since  cal- 
cium sulphate  is  much  less  eflficacious  in  neutralizing  the  chlorides  of 
magnesium  and  sodium  than  the  corresponding  sulphates,  while  it  is 
generally  more  beneficial  than  is  calcium  chloride,  it  seems  almost 
certain  that  the  beneficial  action  of  Ca  ions  is  in  some  way  hindered 
by  the  presence  of  CI  ions.  That  CI  ions  are  in  themselves  less  toxic 
than  are  SO4  ions  would  appear  from  the  fact  that  the  chlorides  of 
magnesium  and  of  sodium  are  less  injurious  in  pure  solution  than  are 
the  corresponding  sulphates. 

SODIUM  CHLORIDE  IN  MIXTURES. 


Experiments  with  sodium  chloride  in  mixtures  with  other  salts 
yielded  the  results  shown  in  the  following  table : 

Table  VIII. — Limits  for  sodium  chloride  in  mixtures f 


Name  of  salt  added. 


None 

Calcium  dbloride 

Magnesiam  carbonate 

Calcium  carbonate 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 


Greatest  endurable 
cone  entration  of 
sodium  chloride. 


Infrac- 
tions of  a 

normal 
solution. 


In  parts 
perlOaOOO 
of  solution. 


Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


In  parts  per 
100,000  of 
solution. 


0.2 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


1.101 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


Sodium  chloride  is  probably  the  most  widely  distributed  and  gen- 
erally abundant  of  the  soluble  components  of  alkali  soils,  occurring 
practically  wherever  the  land  is  notably  impregnated  with  these 
noxious  salts.*  As  the  above  table  shows,  calcium  sulphate  and  cal- 
cium chloride  are  equally  effective  in  neutralizing  the  toxicity  of 
sodium  chloride,  although  in  the  case  of  sodium  sulphate  and  the 


'  A  notable  exception  is  the  Billings  area  in  Montana. 
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soluble  salts  of  magnesium,  the  former  is  decidedly  more  beneficial 
than  the  latter. 

As  in  the  case  of  magnesium  chloride,  the  presence  of  calcium 
carbonate  does  not  affect  the  neutralizing  value  of  calcium  sulphate, 
although  decidedly  diminishing  it  in  the  case  of  magnesium  sulphate 
and  sodium  sulphate.  It  has  been  shown  by  Cameron  and  Seidell* 
that  an  excess  of  solid  calcium  carbonate  ha.8  but  a  very  slight  effect 
on  the  solubility  of  calcium  sulphate  in  sodium  chloride  solutions  at 
the  concentrations  here  involved.  And  from  the  general  resemblance 
between  the  phenomena  presented  by  calcium  sulphate  in  contact 
with  sodium  chloride  and  magnesium  chloride  solutions,  it  is  proba- 
ble that  calcium  carbonate  would  have  a  like  effect  in  the  latter  cases.  . 
It  is  to  be  regretted  that  laboratory  investigations  of  the  solubility  of 
solid  calcium  carbonate  and  calcium  sulphate  in  contact  with  solu- 
tions of  soluble  sulphates  have  not  yet  been  made. 

CALCIUM  CHLORIDE  IN  MIXTURES. 

In  the  experiments  with  calcium  chloride  in  mixtures  with  other 
salts  the  following  results  were  obtained: 

Table  IX. — Limits  for  calcium  chloride  in  mixtures. 


Name  of  salt  added. 


None 

Hatnieeiain  carbonate. 

Calcium  carbonate. 

Calcium  sulphate 


Greatest  endurable 
concentration  of 
calcium  chloride. 


Concentration  of  the 
salts  added. 


Infrac- 
tions of  a 

normal 
solution. 


0.25 

.25 
aO.d 


In  parts 
per  100,000 
of  solution. 


1,877 
1,377 
1,377 
1,852 


In  fractions 

of  a  normal 

solution. 


Saturated. 
Saturated. 
Saturated. 


In  parts 

per  100.000 

of  solution. 


Saturated. 
Saturated. 
Saturated. 


a  About. 

Calcium  chloride  is  quite  generally  distributed  in  alkali  soils,  being 
usually  present  in  small  patches  wherever  sodium  chloride  is  abun- 
dant. As  would  be  expected  from  the  relatively  very  high  concentra- 
tion of  the  pure  solution  of  this  salt  endured  by  roots  of  the  white 
lupine,  the  limit  can  not  be  materially  raised  by  the  addition  of  other 
salts. 

SODIUM  BICARBONATE  IN   MIXTURES. 

Sodium  bicarbonate  was  tested  in  mixture  onl}'  with  calcium  sul- 
phate and  calcium  carbonate  together,  which  raised  its  limit  of  endur- 
ance two  and  one-half  times  (see  Table  X).  It  usually  occurs  in 
nature  in  contact  with  the  normal  sodium  carbonate. 

CALCIUM  SULPHATE  AND  CALCIUM  CARBONATE  IN  MIXTURES. 

In  the  tables  of  limits  of  endurance  in  mixtures,  as  in  those  of  pure 
solutions,  the  figures  do  not  perfectly  state  the  case.     For  example, 


Bui.  18,  Division  of  Soils,  U.  S.  Department  of  Agricnlture  (1901). 
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although  the  limit  of  endurance  in  sodium  carbonate  plus  magnesia 
carbonate  is  0.01  normal,  while  for  sodium  sulphate  plus  magnesia 
carbonate  it  is  0.03  normal,  the  proportion  of  individual  seedlings 
whose  roots  survive  in  good  condition  is  decidedly  greater  in  the  lattejr 
mixture  than  in  the  former. 

None  of  the  readily  soluble  salts  occui-s  abundantly  in  alkali  soils 
save  in  the  presence  of  calcium  sulphate  or  calcium  carbonate,  and 
most  often  in  contact  with  both.     Hence  it  follows  that  the  limits  ot 
endurance  for  the  more  soluble  salts  in  the  presence  of  these  two  salts 
of  calcium,  as  obtained   by  means  of  wat.er-culture   experiments, 
should  agree  closely  with  the  limits  detennined  by  soil  investigators. 
This  proved  to  be  the  case,  due  allowance  being  made  for  the  influ- 
ence of  the  physical  properties  of  a  soil  as  compared  with  an  aqueous 
solution. 

The  following  table  servas  to  bring  together,  for  ready  comparison, 
the  limit  of  endurance  for  roots  of  lK)th  white  lupine  and  alfalfa  ia 
solutions  of  six  of  the  easily  soluble  salts  to  which  a  solid  excess  of 
both  calcium  sulphate  and  calcium  carbonate  was  added,  the  mixtures 
being  brought  to  equilibrium  before  using. 

Table  X. — Restdts  toith  mixtures  containing  ttoo  calcium  saltn^ 


Name  of  salt. 


Limits  for  lupine 
(Lnpinan  albas). 


Limits  for  alfalfa 
(Medicago  satlTa).a 


Parts  per 
100, 000  of 
solution. 


Magrnesinm  sulphate 
Ma«ne8ium  chloride. 
Sodium  carl)onate  . . . 

Sodium  sulphate 

Sodium  chloride 

Sodium  bicarbonate . 


Normal 
solution. 


Parts  per 
lOO.OOtfof 
solution. 


Normal 
solution. 


a  In  the  case  of  alfalfa  a  few  roots  barely  survive  in  O.rs  and  in  0.3  normal  magrnesium  sulphate, 
while  in  0.35  normal  they  make  a  noteworthy  amount  of  gn^wth  duriufp  forty-ei^ht  hours.  In 
il'i  normal  sodium  sulphate  they  make  a  decidedly  better  growth,  and  in  C).l  normal  sodium 
chloride  two  and  one-half  times  as  much  growth  as  in  the  water  controL 

The  close  correspondence  between  the  whit«  lupine  and  alfalfa  in 
their  resistance  to  the  effects  of  these  mixed  solutions  is  worthy  of 
note,  especially  as  alfalfa  appeal's  to  be  moi'e  sensitive  than  the  lupine 
to  pure  solutions.  The  only  serious  discrepancy  occura  in  the  mix- 
ture of  sodium  bicarbonate,  calcium  sulphate,  and  calcium  earlx)nate, 
to  which  alfalfa  roots  appear  to  be  nearly  twice  as  resistant  as  are 
those  of  white  lupine. 

That  in  the  neutralizing  effect  upon  more  toxic  salts  which  these 
two  relatively  insoluble  salts  exert  calcium  sulphate  plays  a  much 
more  important  part  than  does  calcium  carbonate  is  obvious  from  a 
comparison  of  the  limits  of  endurance  in  solutions  to  which  either 
calcium  sulphate  or  calcium  carbonate  alone  has  been  added.  Indeed, 
in  the  case  of  magnesium  sulphate  and  of  sodium  sulphate  the  limit 
of  endurance  is  decidedly  lower  in  the  presence  of  both  calcium  salts 
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than  when  calcium  sulphate  alone  is  added.  On  the  other  hand,  the 
presence  or  absence  of  calcium  carbonate  appears  to  have  no  effect 
upon  the  neutralizing  value  of  calcium  sulphate  when  added  to  mag- 
nesium chloride,  sodium  chloride,  or  sodium  carbonate. 

An  interesting  comparison  is  that  of  the  soluble  salts,  one  with 
another,  in  respect  to  their  degree  of  toxicity  in  pure  solution  on  the 
one  hand,  and  in  the  presence  of  an  excess  of  calcium  sulphate  and 
calcium  carbonate  on  the  other.  It  will  be  observed  that  the  sequence 
in  the  first  column  is  very  different  from  that  in  the  second.  The 
most  toxic  salt  or  mixture  is  placed  at  the  head  of  each  column. 

Table  XL — Order  of  toxicity  \vith  and  without  calcium  salts. 


In  paresolntion: 

Macrnesinm  sulphate. 
MaffDesium  chloride. 
SodiiHii  carbonate. 
Sodium  nulphate. 
Sodium  chloride. 
Sodium  bicarbonate. 
CTalcinm  chloride. 


In  presence  of  an  excess  of  CaS04  and  CaCOs:  a 
Sodium  carbonate. 
Sodium  bicarbonate. 
Maflpiesium  chloride.  6 
Sodium  chloride  b 
Calcium  chloride. 
Sodium  sulphate. 
Magnesium  sulphate. 


alt  has  already  been  suffffested  that  the  limit  in  some  of  these  hlehly  concentrated  solutions 
containing  an  excess  of  calcium  salts  may  bear  some  relation  to  the  osmotic  pressure  of  the 
solution.  It  is  therefore  not  a  mere  coincidence,  perhaps,  that  the  8equen.*e  in  this  column  is 
almost  identical  with  that  in  Table  II  (of  concentrations  precluding  any  growth  during  the 
culture). 

&  These  two  salts  are  equally  toxic  in  mixtures  if  reacting  weights  be  compared,  while  magne- 
sium chloride  is  the  more  toxic  of  the  two  in  parts  of  salt  per  100,000  of  solution. 

The  interest  and  importance  of  the  results  obtained  from  the  exper- 
iments made  with  mixed  solutions  show  the  great  desirability  of 
extending  further  this  line  of  investigation.  In  fact,  no  aspect  of  the 
work  promises  more  substantial  returns.  An  interesting  problem 
among  the  mam^  which  suggest  themselves  in  this  connection  is  that 
of  a  possible  relation  between  the  degree  of  toxicity  of  a  salt,  alone  or 
in  mixture,  and  the  readiness  with  which  it  is  taken  up  by  the  plant 
from  a  solution.  The  occasion  seems  opportune  to  redirect  attention 
to  a  series  of  experiments  made  long  ago  by  Wilhelm  Wolf  ^  as  to  the 


'Landw.  Versnchsst.,  7,  193  (1865).  The  stadies  were  made  with  a  series  of 
solutions,  each  of  which  contained  two  salts  in  ecjual  amount.  Combinations 
were  made  with  (1)  salts  of  the  same  acid,  but  of  different  bases;  (2)  salts  of 
the  same  base,  but  of  different  acids;  (8)  with  both  base  and  acid  different.  In 
each  culture  300  c.  c.  of  solution  was  employed,  and  after  one-half  of  this  volume 
had  been  absorbed  by  the  plant  (allowance  being  made  for  the  small  quantity  of 
water  evaporated  directly  from  the  solution)  the  amount  of  each  salt  taken  up 
with  the  water  was  estimated  by  analysis  of  the  residual  100  c.  c.  of  solution. 
Young  beans  and  maize  were  used  in  the  experiments.  Some  of  the  results 
obtained  were  as  follows: 

From  three  mixtures,  each  containing  0.05  grams  of  each  two  salts,  the  plants 
absorbed  in  percentages  of  the  original  quantity  of  each  salt  supplied: 

From  ammonium  nitrate  plus  calcium  nitrate,  92  per  cent  of  the  former  and  94 
per  cent  of  the  latter. 

From  ammonium  nitrate  plus  magnesium  nitrate,  92  per  cent  of  the  former  and 
86  per  cent  of  the  latter. 

From  magnesium  nitrate  plus  calcium  nitrate,  74  per  cent  of  each. 

Potassium  nitrate  was  taken  up  from  all  combinations  with  other  nitrates 
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amount  of  each  salt  absorbed  by  a  plant  from  a  mixed  solution. 
Especially  interesting,  as  compared  with  the  toxicological  phenomena 
of  pure  and  mixed  solutions,  respectively,  are  Wolf's  results  as  to 
the  effect  of  calcium  sulphate  in  stimulating  the  absorption  of  other 
sulphates. 

OBNERAL  SIQNIFICANCE  OF  RESULTS  WITH  MIXED  SOLUTIONS. 

To  enter  into  a  discussion,  from  the  purely  chemical  point  of  vie^w, 
of  the  widely  accepted  hypothesis  of  the  dissociation  of  electrolytes 
in  solution  would  be  to  exceed  the  proper  limits  of  this  paper  J  It 
is  sufficient  to  say  that  salts  such  as  those  with  which  we  are  here 
dealing  are  held  to  dissociate  in  dilute  solutions,  more  or  less  com- 


(Na,  NH^,  Mg,  Ca)  in  absolutely  greater  amonnt  than  from  a  simple  solation. 
From  a  solation  containing  0.025  gram  each  of  potassium  nitrate  and  -calciam 
nitrate  the  plants  absorbed  100  per  cent  of  the  former  and  88  per  cent  of  the  latter. 
From  an  equivalent  solution  of  potassium  nitrate  plus  magnesium  nitrate,  100  per 
cent  of  the  former  and  88  per  cent  of  the  latter.  The  stimulation  of  the  plant  by 
the  presence  of  calcium  to  take  up  greater  quantities  of  potash  is  referred  by 
Loew  (1.  c,  p.  44)  to  the  mcreased  deyelopment  of  root  hairs  induced  by  the  calcium. 
But  if  the  presence  of  magnesium  has  exactly  the  same  effect,  as  would  appear 
from  the  experiment  j  ust  quoted ,  we  must  look  further  for  an  explanation.  Absorp- 
tion of  ammonium  nitrate  is  decreased  by  the  presence  of  other  nitrates,  while 
that  of  calcium  and  of  niagneiduvi  nitrates  ia  stimulated  tfiereby.  It  is  remarkable 
that  while  neither  of  these  Icutt  ttvo  salts  is  readily  absorbed  from  a  simple  solution^ 
both  are  easily  absorbed  when  mixed  together. 

Plants  could  be  grown  in  mixtures  of  potassium  and  calcium  sulphate 
(E[,S04  +  CaSOJ  and  of  calcium  and  magnesium  sulphate  (CaSO^  +  MgSO^),  but 
neyer  in  mixtures  of  sulphates  of  potassium  and  sodium  (EfSO^  +  NaxSO^),  of 
potassium  and  ammonium  (E3SO4  +  (NH^),  SO^) ,  nor  of  potassium  and  magnesium 
KJQO^  H-  MgSO^) ,  even  when  the  solutions  were  very  dilute. 

Potassium  and  ammonium  salts  were  taken  up  much  more  readily  in  the  pres- 
ence of  a  calcium  salt  than  from  a  pure  solution.  This  was  notably  the  case  with 
the  sulphates ,  which  are  absorbed  with  difficulty  from  unmixed  solutions.  Gypsum 
(calcium  sulphate)  is  absorbed  in  very  small  quantity  in  the  presence  of  a  potas- 
sium salt,  but  greatly  stimulates  absorption  of  the  latter.  From  a  mixture  of 
calcium  and  magnesiiun  sulphate  little  of  either  salt  is  taken  up,  but  the  presence 
of  magnesium  nitrate  considerably  increases  the  amount  of  calcium  sulphate 
drawn  from  a  solution. 

From  mixtures  of  a  sulphate  and  a  phosphate,  the  latter  is  always  taken  up  in 
greater  quantity.  Magnesium  sulphate  is  taken  up  in  greater  quantity  in  the 
presence  of  a  phosphate  than  are  other  sulphates. 

De  Saussure^s  principle  of  the  absorption  of  salts  in  solution  by  plant  roots— 
i.  e.,  that  the  salt  is  taken  up  in  smaller* proportion  to  the  water  absorbed  than  it 
occurs  in  the  culiure  solution;  in  other  words,  that  the  residual  solution  becomes 
more  concentrated — ^applies  to  the  absorption  of  sodium  chloride  in  the  presence 
of  a  nitrate  (KNO„  NH^NO,,  Ca(NOs)j),  but  does  not  hold  as  to  the  absorption 
of  the  nitrate  itself. 

*  For  the  presentation  of  the  subject  in  simple  terms  the  reader  is  referred  to 
a  former  publication  by  one  of  us.  (Rep.  No.  64,  U.  S.  Department  of  Agricul- 
ture, p.  144, 1900.) 
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pletely  at  a  given  Concentration  according  to  the  specific  pTOX)ertie8  of 
the  particular  salt.  The  result  is  a  liberation  of  ions — atoms  or  atomic 
groups  carrying  or  in  some  way  associated  with  an  electric  charge. 
Cathions,  those  furnished  by  the  basic  radicle,  carry  positive  elec- 
tricity, while  anions,  derived  from  the  acid  radicle  of  the  salt,  are 
negatively  charged.  Ions  possess  a  much  greater  velocity  ^  than  do 
tindissociated  molecules,  and  it  is  now  believed  by  many  physiologists 
that  salts  owe  to  the  properties  of  their  ions  rather  than  to  their  entire 
molecules  the  toxic  and  other  action  which  they  exert  upon  organisms.^' 
It  is  believed  that  the  results  of  the  present  investigation  tend  to 
confirm  this  view,  although  it  must  be  admitted  that  serious  anomalies 
exist,  to  some  of  which  attention  has  already  been  directed. 

Pure  solutions  of  the  salts  dealt  with  are  shown  to  be  generally 
injurious  to  plants,  and  this  largely  by  virtue  of  the  cathions  which 
they  yield,  as  a  comparison  of  the  position  of  the  several  salts  in  the 
table  of  toxicity  in  pure  solutions  shows  conclusively.  Thus  magne- 
sium salts,  irrespective  of  the  character  of  their  anions,  are  much 
more  injurious  than  is  any  sodium  salt,  while  the  three  chlorides  (of 
magnesium,  sodium,  and  calcium)  differ  enormously  in  toxicity, 
regardless  of  the  fact  that  they  yield  a  common  anion. 

An  inspection  of  the  tables  of  limits  in  mixed  solution  given  above 
makes  it  clear  that  the  addition  of  a  second,  less  toxic  salt  in  most 
cases  increases  the  concentration  of  solution  of  the  more  harmful  one 
in  which  root  tips  can  retain  their  vitality.  It  is  also  demonstrated 
that  addition  of  a  second  salo  of  the  same  base,  hence  furnishing  a 
different  kind  of  anion  only,  is  usually  much  less  efficacious  in  raising 
the  limit  than  is  the  admixture  of  a  salt  of  a  different  base.  Thus 
magnesium  chloride  is  ineffective  as  an  antidote  to  magnesium  sul- 
phate, sodium  chloride  to  sodium  carbonate  or  to  sodium  sulphate, 
and  calcium  carbonate  to  calcium  chloride. 

If  the  assumption  be  granted  that  in  the  dilutions  here  involved 
the  magnesium  salts  are  practically  completely  dissociated  and  that 
the  anions  do  not  have  a  toxic  effect,  then  a  0.00125  normal  solution ' 
of  magnesium  will  be  the  limit  when  the  metal  is  combined  as  the  sul- 
phate and  a  0.0025  normal  solution  when  combined  as  the  chloride,  but 
about  a  0.002  normal  solution  when  both  chloride  and  sulphate  are  pres- 
ent, with  two  equivalents  of  the  former  to  one  of  the  latter.  The  same 
line  of  reasoning  holds  for  the  other  cases  cited,  and  from  these  facts  it 
is  evident  that  the  anions  have  a  part  in  determining  the  toxic  effect  of  a 


^  That  the  physiological  action  of  ions  may  he  in  some  sort  a  function  of  their 
specific  velocities  is  indicated  by  Loeb's  comparison  of  the  effects  of  hydrogen  and 
hydroxyl  ions,  as  well  as  of  various  basic  cathions,  upon  the  absorption  of  water 
by  a  muscle.     [Pfliiger's  Archiv..  69,  21,  (1898).] 

*0f  a  rapidly  growing  literature  on  this  subject  the  papers  of  Kahlenberg  and 
True  and  of  Kahlenberg  and  Austin,  dealing  with  plants,  and  those  of  Loeb, 
Garrey,  Anne  Moore,  Kahlenberg,  Clark  and  others,  treating  ion  action  upon  ani- 
mals, may  be  cited  as  of  great  importance.     (See  the  Bibliography,  p.  50.) 
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salt,  although  a  much  smaller  one  in  general  than  have  the  cathionB. 
Furthermore,  these  views  are  in  harmony  with  Loeb's  idea  that  SO^ 
ions  are  more  toxic  than  CI  ions,  because  they  tend  to  precipitate 
calcium  from  its  proteid  compounds.  . 

In  other  cases,  however,  addition  of  a  salt  which  furnishes  new 
anions,  but  not  new  cathions,  to  the  mixture  is  effective  in  raising*  the 
endurable  limit  of  concentration  for  the  more  toxic  salt.  A  striking 
case  is  the  elevation  of  the  limit  for  magnesium  sulphate  eight  tinnes 
by  the  addition  of  magnesium  carbonate.  Here  it  would  api)ear  that 
the  HCOg  anions  alone  can  be  the  effective  agency.  Sodium  sulphate 
slightly  raises  the  limit  of  sodium  carbonate,  and  a  relatively  unim- 
portant increase  of  the  concentration  of  a  calcium  chloride  solution 
in  which  lupine  roots  can  survive  is  obtained  by  addition  of  calcium 
sulphate.  But  in  these  last  two  eases  the  effect  is  so  small  as  to  be 
almost  negligible,  and  is  perhaps  entirely  attributable  to  the  forcing 
back  of  the  dissociation  of  the  more  toxic  salt  rather  than  to  any 
direct  physiological  action  of  the  new  anions. 

The  superior  efficacy  of  cathions  over  anions  in  neutralizing  the 
toxic  effect  of  other  cathions  is  illustrated  by  the  discovery  that 
sodium  is  equally  effective  as  an  antidote  to  magnesium  chloride, 
whether  it  be  added  as  sulphate  (NagSO^)  or  as  chloride  (NaCl).*  A 
much  more  striking  illustration  is  afforded  by  the  fact  that  calcium, 
when  added  to  a  solution  of  magnesium  sulphate  or  of  sodium  sul- 
phate, is  very  much  more  efficacious  when  furnished  as  the  relatively 
insoluble  sulphate  than  as  the  readily  soluble  chloride.  In  other 
words,  the  presence  of  chlorine  anions  actually  hinders  the  full  exer- 
tion of  the  physiological  effect  of  calcium  cathions,  unless  we  are  to 
believe  that  the  superior  efficacy  of  calcium  sulphate  is  due  merely  to 
its  greater  influence  in  retarding  the  dissociation  of  the  sulphates  of 
magnesium  and  of  sodium. 

If  we  turn  now  to  the  effect  of  mixtures  in  which  two  kinds  of 
cathions  are  present  we  find  that  these  are  almost  invariably  much 
less  poisonous  than  is  the  pure  solution  of  the  more  toxic  salt.  ICven 
the  addition  of  a  sodium  salt  (sulphate  or  chloride)  to  one  of  magne- 
sium (sulphate  or  chloride)  raises  the  limit  of  endurance  for  the  latter 
three  to  six  times.  Still  more  remarkable  is  the  effect  of  magnesium 
carbonate  as  an  antidote  to  salts  of  sodium  (carbonate,  sulphate, 
chloride),  raising  their  limits  two  to  four  times.  But  these  effects  are 
trivial  as  compared  with  the  extraordinary  efficacy  of  calcium  in 
counteracting  the  toxic  effects  of  other  bases  (magnesium,  sodium). 

Even  when  added  as  the  but  slightly  soluble  carbonate,  calcium 
raises  the  limit  of  magnesium  sulphate  and  of  magnesium  chloride 
sixteen  times,  of  sodium  sulphat-e  more  than  fivei  times,  and  of  sodium 


'  On  the  other  hand,  sodium  chloride  is  twice  as  effective  as  sodium  sulphate  in 
neutralizing  magnesium  sulphate. 
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cliloride  three  times.  Calcium  chloride  *  mixed  with  an  equal  volume 
of  a  magnesium  or  a  sodium  salt  raises  the  limit  of  the  latter  as  fol- 
loTTs:  Magnesium  sulphate,  one  hundred  and  sixty  times;  magnesium 
cliloride,  forty  times;  sodium  carbonate,  fifty  times ;  ^  sodium  sulphate, 
t^wenty-seven  times,  and  sodium  chloride,  ten  times. 

The  most  effective  of  the  calcium  salts  tried  was,  however,  calcium 
sulphate.  This,  when  added  alone  in  solid  excess,  increases  the 
maxima  of  concentration  endurable  by  the  roots  as  follows:  Magne- 
sium sulphate,  four  hundred  and  eighty  times;  magnesium  chloride, 
eighty  times;  sodium  carbonate,  six  times;  sodium  sulphate,  sixty-six 
t>imes,  and  sodium  chloride,  ten  times.  Here  we  have  probably  the 
greatest  effect  of  one  kind  of  ion  in  neutralizing  the  effect  of  another 
kind  that  has  yet  been  obtained  in  experiments  with  plants. 

It  is  noteworthy  that  the  effect  of  the  calcium  ions  upon  different 
salts  having  a  common  basic  ion  differs  greatly.  Thus  plant  roots 
can  endure  three  times  the  concentration  of  a  solution  containing 
magnesium  cathions  and  sulph-anions  to  which  calcium  sulphate  is 
added  than  they  can  of  a  solution  containing  magnesium  cathions  and 
chlor-anions  plus  calcium  sulphate.  Yet  the  former  solution  in  the 
absence  of  calcium  salts  is  endurable  in  concentration  only  one-half  as 
great  as  is  the  latter  without  a  calcium  salt.  Here  the  effect  may  be 
partly  due  to  differences  of  dissociation  in  the  two  solutions.  But  it 
appears  necessary  to  attribute  the  greater  part  of  it  to  an  adverse 
influence,  presumably  exerted  by  chlorine  ions,  upon  the  physiological 
action  of  calcium  ions  in  the  presence  of  magnesium  ions.  Similar 
problems  are  suggested  by  the  wide  differences  in  the  degree  to  which 
calcium  sulphate  can  neutralize  the  toxic  action  of  each  of  the  three 
sodium  salts. 

That  the  phenomena  exhibited  by  the  roots  of  plants  in  their  reac- 
tion to  these  various  mixed  salt  solutions  are  not  to  be  regarded  as 
mere  functions  of  chemical  changes  in  the  solution  itself  is  patent. 
The  problem  is  undoubtedly  a  much  more  intricate  one,  involving 
chemical  reactions  of  great  complexity  in  the  protoplasm  of  the  plant 
itself.  In  this  connection  it  is  important  to  call  attention  to  the 
strikingly  similar  results  obtained  by  Loeb  ^  as  to  the  relative  toxic 
effect  upon  animals  of  pure  and  of  mixed  solutions. 

A  pure  salt  solution,  e.g.,  of  sodium  chloride,  was  found  to  be 


^  Loew  (Bui,  No.  18,  Div.  Veg.  Phys.  and  Path.,  U.  S.  Department  of  Agriculture, 
p.  33),  referring  to  an  experiment  made  by  Boehm,  appears  to  doubt  the  value  of 
calcium  in  the  form  of  the  chloride  as  a  plant  nutrient,  owing  to  the  formation 
of  hydrochloric  acid  in  the  assimilation  of  calcium  by  the  plant.  Here  is  another 
suggestion  as  to  the  reason  for  the  inferiority  of  calcium  chloride  to  calcium  sul- 
phate in  neutralizing  the  toxic  action  of  salts  of  other  bases. 

'As  has  already  been  noted  (under  Table  VI),  a  heavy  precipitate  of  calcium 
carbonate  is  formed  in  this  mixture,  so  that  it  becomes  in  great  part  a  solution 
of  sodium  chloride  plus  a  solid  excess  of  calcium  carbonate. 

'Seethe  papers  by  this  author  cited  in  the  Bibliography  (p.  58). 
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strongly  poisonous  to  marine  animals  in  various  stages  of  develojH 
ment — i.  e. ,  a  fish  {Fundulus  heteroditus),  a  jellyfish  (Gonionemus  sp. ), 
and  a  sea  urchin  (Arbacia  sp.).  But  the  addition  in  small  quantity 
of  a  salt  yielding  another  kind  of  cathion,  such  as  magnesium,  potas- 
sium, and  calcium,  more  or  less  neutralized  this  toxic  efi!ect,  althouglr 
each  of  these  salts  was  itself  toxic  in  pure  solution.  As  in  the  case  of 
plants,  calcium  was  particularly  effective.  That  it  is  the  cathions 
rather  than  the  anions  added  to  the  solution  which  are  chiefly  effective 
as  counter  agents  is  evident  from  the  fact  that  of  each  base  the  chloride 
only  was  used.  Moreover,  in  only  one  mixture  of  three  chlorides 
could  fertilized  eggs  of  the  sea  urchin  be  brought  to  an  advanced 
stage  of  development,  but  sodium  bromide  could  be  successfully  sub- 
stituted for  sodium  chloride  in  the  mixture.^  It  is  clear,  therefore, 
that  the  anions  play  a  very  subordinate  part  in  the  physiological 
action  of  such  mixtures. 

Loeb  suggests  that  the  physiological  effect  of  a  pure  solution, 
whether  toxic  or  stimulating,  is  attributable  to  a  reaction  whereby 
various  cathions  which  are  assumed  to  enter  into  combination  with, 
the  proteids  of  the  organism  are  replaced  by  the  cathion  of  the  sur- 
rounding solution,  in  accordance  with  the  law  of  mass.     Thus,  in 
case  of  an  animal  or  organ  immersed  in  a  solution  of  sodium  chloride, 
ions  of  calcium  and  of  potassium  would  be  forced  from  their  organic 
compounds  and  sodium  ions  would  be  substituted  for  them.     This 
would  cause  a  disturbance  of  equilibrium  and  finally  a  cessation  of 
irritability  in  the  tissues.     Such  effect  can  be  prevented,  or,  if  it  has 
not  proceeded  to  the  point  of  disorganization,  counteracted  by  the 
addition  to  the  solution  of  salts  containing  the  corresponding  cathions, 
i.  e.,  potassium  and  calcium.     Hence  the  author  derives  his  concep- 
tion of  a  **  physiologically  balanced  salt  solution,"  examples  of  which 
are  sea  water,  the  blood  of  animals,  and  a  mixture  of  definite  concen- 
trations of  the  chlorides  of  potassium,  sodium,  and  calcium.     The 
chief  function  of  such  a  solution  is  regarded  as  the  maintenance  of 
**a  certain  physical  condition,  a  certain  labile  equilibrium,  of  the 
protoplasm  or  the  colloids."^ 

From  considerations  such  as  these,  and  from  the  discovery  that  a 
close  analogy  as  to  absorption  of  water  exists  between  the  behavior  of 
a  frog's  gastrocnemius  immersed  in  a  solution  of  a  potassium,  sodium, 
or  calcium  salt  and  that  of  i>otassium,  sodium,  and  calcium  soaps,^ 
the  development  of  Loeb's  theory  of  the  existence  and  function  of 
"ion-proteid  compounds"  was  logically  inevitable.  The  hypothesis 
*is  stated  as  follows:  "  Salts  or  electrolytes  in  general  do  not  exist  in 
living  tissues  as  such  exclusively,  but  are  partly  in  combination  with 


'  Amer.  Joum.  Physiology,  3,  442  (1900). 

«Ibid.,8,445  (1900). 

»See  PflOger'B  Archiv,  76,  303  (1899). 
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proteids.  The  salt  or  electroljrte  molecules  do  not  enter  into  this 
combination  as  a  whole,  but  through  their  ions.  The  great  impor- 
tance of  t^Mfie  ion-proteid  compounds  lies  in  the  fact  that  by  the 
substitutioft  of  one  ion  for  another  the  physical  properties  of  the  pro- 
teid  eompwiads  change.  We  thus  possess  in  these  ion-proteid  com- 
pounds QCWOBtial  constituents  of  living  matter  which  can  be  modified 
at  desire,  and  hence  enable  us  to  vary  and  control  the  life  phenomena 
themselves.  *  *  *  If  it  be  true  that  life  phenomena  depend  upon 
the  presence  of  a  number  of  various  metal  proteids  (Na,  Ca,  K,  and 
Mg)  in  definite  proportions,  it  follows  that  solutions  which  contain 
only  one  class  of  metal  ions  must  act  as  a  poison.  The  reason  for 
this  is  that  the  one  class  of  metal  ions  will  gradually  take  the  place 
of  the  other  metal  ions  in  the  ion-proteids  of  the  tissues.  Even  a 
pure  NaCl  solution  must  thus  be  poisonous,  although  this  salt  perme- 
ates all  our  tissues  and  is  the  main  constituent  of  the  [soluble]  inor- 
ganic matter  of  the  ocean.  "^ 

Pauli,'  who  published  the  same  hypothesis  almost  simultaneously, 
states  his  views  with  greater  positiveness.  *'The  general  distribu- 
tion of  the  ion-proteid  compound  in  the  living  organism  can  not  be 
doubted;  indeed,  we  have  strong  reasons  for  the  assumption  that  all 
the  proteids  of  the  protoplasm  exist  there  only  in  combination  with 
ions."  And  again,  '^  Not  salts,  but  salt-ions,  are  indispensable  to  the 
organism."^ 

Loeb's  experiments  show  that  to  the  same  ions  or  mixtures  of  ions 
different  animals  or  different  organs  or  stages  of  development  of  the 
same  animal  may  react  in  a  different  manner.  This  was  noted  in  the 
case  of  embryonic  as  compared  with  fully  developed  tissue  and  with 
myogenic  as  compared  with  nuerogenic  contractions.  Thus  in  pure 
solution  magnesium  chloride  is  more  favorable  to  the  development  of 
fertilized  eggs  of  the  sea  urchin  than  is  sodium  chloride,  although  the 
latter  causes  while  the  former  prevents  rhythmical  muscular  contrac- 
tion. On  the  other  hand,  as  the  predominant  salt  in  a  triple  mixture 
of  chlorides  (potassium  and  calcium  being  present  in  much  smaller 
quantity),  sodium  chloride  favors,  while  magnesium  chloride  pre- 
vents, the  development  of  fertilized  sea-urchin  eggs.*  Calcium  ions 
prevent  rhythmical  muscular  contraction,  but  allow  the  muscle  to 
retain  its  irritability  much  longer  than  is  possible  in  a  solution  from 


'  Amer.  Jonm.  Physiology,  8,  827  (1900). 

'Ueber  physikalisch-chemische  Methode  und  Probleme  in  der  Medizin,  19, 
Wien  (1900). 

>Loew,  althoagh  attempting  no  snch  extensive  generalization,  has  touched  upon 
the  question  of  ion  proteids  and  their  relation  to  vital  phenomena  in  his  discus- 
sion of  the  harmf  ulness  to  plants  exhibited  by  magnesium  salts  in  the  absence  of 
calcium.  (See  Bui.  No.  18,  Div.  Veg.  Pbys.  and  Path.,  U.  S.  Department  of 
Agriculture,  p.  42, 1899.) 

«Amer.  Joum.  Physiology,  8,  439  (1900). 
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which  they  are  absent.  ^    Results  similar  to  those  obtained  by  Loeb 
have  i-eeently  been  recorded  by  other  investigators.^ 

That  the  converse  case  may  also  occur  is  indicated  by  Loeb's  inves- 
tigations: '^Different  combinations  of  ions  may  exist  which  all  have 
the  same  effect.  It  seems  as  if  the  physical  condition  of  the  colloids 
were  the  essential  point  and  that  this  might  be  affected  by  various 
ion  combinations  in  the  same  way."' 

It  is  not  to  be  doubted  that  many  peculiarities  in  relation  to  Ions 
will  likewise  be  discovered  in  plants  as  compared  with  animals.  A 
case  in  point  is  that  of  magnesium  chloride^  which  in  pure  solution  is 
eight  times  as  toxic  as  sodium  chloride  to  roots  of  the  white  lupine 
and  of  alfalfa  while  the  two  salts  are  about  equally  toxic  when  cal- 
cium is  present.  Hence  lupine  roots  react  toward  these  two  salts  in  a 
wholly  different  manner  than  do  sea-urchin  eggs.  Furthermore,  a 
comparison  of  different  plants,  one  with  another,  or  of  different  organs 
or  stages  of  development  in  the  same  plant,  will  surely  reveal  numer- 
ous dissimilarities. 

The  importance  of  the  ion-proteid  theory  as  an  aid  to  the  study  of 
the  effects,  both  toxic  and  beneficial,  which  solutions  of  electrolytes 
induce  in  organisms,  can  hardly  be  overestimated.  It  is  to  be  regarded 
as  the  only  really  scientific  explanation  of  this  class  of  phenomena 
which  has  yet  l)een  attempted.  Incomplete  as  the  theory  is  in  its 
present  form,  and  many  as  are  the  anomalies  needing  further  study, 
we  can  not  but  welcome  it  as  a  most  promising  instrument  wherewith 
to  att>ack  the  vast  problem  of  the  physical  properties  and  energies  of 
protoplasm.^ 

Meanwhile  it  is  highly  desirable  that  the  study  of  ion  action  upon 
plants  be  extended.  Experiments  should  be  made  with  a  larger  num- 
ber of  different  ions,  and  with  mixtures  containing  more  than  two 
kinds  of  cathions.'  It  is  most  essential  that  many  species  of  plants 
be  tested  in  order  that  we  may  determine  what  classes  of  reaction  to 
ions  are  peculiar  to  certain  groups  of  organisms  and  what,  if  any,  may 


» Festschrift  fftr  Adolf  Ficsk,  p.  11 1  (lb99) . 

^See  the  papers  of  Garrey,  Anne  Moore,  Cnshing,  Lillie,  and  Stiles  cited  in  the 
Bibliography,  (p.  56).  True  has  lately  experimented  with  Cladophora  gracilis 
grown  in  varions.  synthetic  sointions  resembling  sea  water,  and  has  made  the 
highly  interesting  discovery  that  an  indefinite  prolongation  of  life  ooald  be 
obtained  only  when  a  solntion  equivalent  to  sea  water  in  its  other  components, 
bnt  containing  much  more  NaCl,  was  employed.  Addition  of  calcium  and  potas- 
siam  salts  was  found  necessary  in  order  to  neutralize  effectively  the  toxio  action 
of  a  sodium  salt  solution. 

» Amer.  Joum.  Physiology,  8,  443  (1900). 

"^For  certain  limitations  of  the  theory  as  now  formulated  reference  should  be 
made  to  the  very  important  paper  of  Kahlenberg  [Joum.  Physical  Chem.,  5,  339 
(1901)]. 

'  Loeb's  discovery  that  fertilized  eggs  of  the  sea  urchin  could  be  developed  to  the 
pluteus  stage  in  mixtures  of  three,  but  not  of  two  chlorides,  indicates  that  much 
is  to  be  expected  from  such  an  extension  of  these  investigations.  See  Amer. 
Joum.  Physiology,  3,  441,  (1900). 
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be  regarded  as  generic  properties  of  protoplasm.  No  less  important, 
as  Loeb's  work  with  animals  has  conclusively  shown,  will  be  the  com- 
parative study  of  different  organs  and  functions  and  stages  of  growth 
in  the  same  plant,  as  to  their  diflEprent  reactions  to  the  same  ions  and 
combinations  of  ions. 

From  the  point  of  view  of  agriculture  the  ion-proteid  theory  will 
doubtless  throw  light  upon  much  that  is  now  obscure  and  even  para- 
doxical in  the  relation  between  the  plant  and  the  soluble  components 
of  the  soil.  Nothing  is  more  certain,  in  the  light  of  such  observations 
as  ar^  recorded  in  this  paper,  than  the  inadequacy  of  soil  physics  and 
soil  chemistry  alone  to  explain  many  details  of  this  relation.  The 
chemistry  of  protoplasm  and  its  proteid  compounds  must  surely  be 
taken  into  account  before  we  may  hope  to  get  to  the  bottom  of  the 
subject. 

STIMULATING  EFFECT  OF  DILUTE  SOLUTIONS. 

As  an  incident  of  these  investigations  it  was  demonstrated  that  in 
the  case  of  certain  salts,  when  plant  roots  are  exposed  to  pure  solu- 
tions which  are  much  too  dilute  to  produce  any  toxic  effect,  there 
occurred  a  decidedly  stimulating  effect  upon  growth,  as  compared 
with  that  in  the  distilled- water  control  during  a  corresponding  period. 
As  would  be  expected,  this  was  shown  to  be  the  case  for  salts  of  cal- 
cium, both  the  chloride  and  the  sulphate  acting  as  stimuli.  Here, 
however,  we  have  to  do  with  salts  which  contain  yaluable  elements 
of  plant  food. 

But  a  marked  stimulating  action  occurs  in  pure  solutions  of  sodium 
carbonate  (slight  in  0.002  normal,  marked  in  0.00125  normal  and  of 
sodium  bicarbonate  0.01  normal).  The  most  pronounced  effect  was 
obtained  in  a  0.00125  normal  solution  of  sodium  carbonate,  the  average 
elongation  of  the  roots  in  that  solution  being  one  and  one-half  times 
as  great  as  in  distilled  water  during  the  same  period.  In  the  case  of 
the  two  carbonates  of  sodium  it  seems  necessary  to  regard  the  effect  as 
one  of  chemical  stimulus,  pure  and  simple.  That  this  is  not  due  to  the 
sodium  ions  is  evident  from  the  fact  that  very  dilute  solutions  of  other 
sodium  salts  (sulphate,  chloride)  gave  purely  negative  results.  It  was 
at  first  thought  that  the  physiological  effects  of  sodium  carbonate 
(NagCOj)  were  attributable  to  the  presence  of  hydroxyl  ions  in  the  solu- 
tion, since  the  corrosive,  clearing  action  of  more  concentrated  solutions 
of  this  salt  is  precisely  similar  to  that  produced  by  potassium  hydrate 
and  sodium  hydrate.  But  toxic,  as  well  as  stimulating  reactions  of 
exactly  the  same  character  were  obtained  with  solutions  of  the  bicar- 
bonate (NaHCOg),  in  which  a  large  excess  of  carbon  dioxide  was  dis-. 
solved,  and  which  gave  no  reaction  with  phenolphthaleine,  even  at  the 
end  of  the  experiment.  *    In  this  ease  the  consideration  of  free  hydroxyl 

'Solutions  of  sodium  carbonate  which  were  many  times  too  dilute  to  produce  a 
stimulating  effect,  yet  gave  a  strong  reaction  with  phenolphthaleine. 
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ious  must  be  excluded.  Hence  the  conclusion  seems  unavoidable  that 
the  carbonic  acid  (HCO3)  ions  produce  the  stimulating  effect,  improb- 
able as  this  would  appear.  To  what  agency  should  be  ascribed  the 
characteristic  toxic  action  (so  different  in  kind  from  that  of  sodium 
sulphate  and  sodium  chloride)  of  stronger  solutions  of  sodium  bicar- 
bonate, in  which  no  free  hydroxyl  could  be  detected,  is  a  question  to 
which  no  answer  can  at  present  be  given.  ^ 

None  of  the  other  salts  with  which  experiments  were  made  in  pure 
solution  were  shown  to  stimulate  elongation  of  the  roots,  although 
the  possibility  is  not  excluded  that  solutions  still  more  dilute  than 
those  employed  will  give  positive  results.  Magnesium  sulphate  was 
found  to  be  indifferent  (neither  toxic  nor  stimulating)  at  0.0003125 
normal,  magnesium  chloride  at  0.000625  normal,  sodium  sulphate 
(nearly)  at  0.002  normal,  and  sodium  chloride*  (approximately)  at 
0.005  normal. 

These  observations  accord  with  the  well-known  principle  that  many 
violent  poisons,  if  given  in  sufficiently  minute  doses,  serve  as  benefi- 
cial stimuli.     Familiar  examples  are  the  action  of  ai*senic,  mercury. 


*In  experiments  with  sodiam  carbonate  and  sodinm  bicarbonate  as  to  their 
effect  upon  animals,  Loeb  encountered  a  very  similar  anomaly.  The  stimulating 
effect  of  various  hydrates  upon  the  absorption  of  water  by  a  muscle  immersed  in 
a  sodium  chloride  solution  was  shown  to  be  clearly  due  to  the  hydroxyl  ions, 
being  equal  in  amount  when  equivalent  solutions  of  hydrates  were  used,  irre- 
spective of  the  character  of  the  basic  ions  [see  Pfltiger's  Archiv,  68, 10  (1898)]. 
The  similar  effect  produced  by  carbonates  of  sodium  and  potassium  was  ascribed 
to  the  same  factor,  the  hydroxyl  ions  (I.e.,  p.  20) .  On  the  other  hand,  the  effect  of 
sodium  carbonate  (Na^CO,)  in  stimulating  skeleton  formation  in  the  pluteus  of  a 
sea  urchin  appears  to  be  due  to  the  carbonic  acid  (HCO,)  ions,  since  sodium  in 
other  forms,  as  well  as  hydroxyl  in  the  form  of  potassium  hydrate,  gave  negative 
results  [Am.  Joum.  Physiology,      443,  (1900)]. 

'  Pfeffer  [Pflanzenphysiologie,  Ed.  2, 1, 425]  observes  that  possibly  chlorides  (e.  g., 
sodium  chloride) ,  like  so  many  other  substances,  act  in  dilute  solutions  as  chem- 
ical stimuli.  Storp  [Biedermann*s  Centralbl. ,  18,  76  ( 1884)  ]  obtained  a  stimulating 
effect  upon  the  germination  of  seeds  by  immersing  them  in  a  0.01  per  cent  solution 
of  sodium  chloride.  Jarius  [Landw.  Versnchsst.,  82,  149  (1886)]  found  that 
even  a  0.4  per  cent  solution  of  sodium  chloride  stimulated  the  germination  of  seeds 
of  wheat,  rye,  rape,  maize,  beaDs,and  vetches.  Jones  and  Orton  (Bui.  Vermont 
Agric.  Exp.  Station  No.  56,  p.  12)  observed,  as  a  consequence  of  the  application  of 
sodium  chloride  to  land  in  order  to  exterminate  the  weed  known  as  Orange  Hawk- 
weed  (Hieracium  aurayitiacum)  ,&  marked  stimulating  effect  upon  the  grovrth  of 
grass  in  the  same  field.  Peligot  [Comptes  rendus,  78, 1078  (1871)]  suggests  that 
the  stimulating  effect  upon  field  crops  which  is  sometimes  obtained  with  sodium 
chloride  may  be  due  to  its  facilitating  the  decomposition  of  calcium  phosphate 
and  thus  increasing  the  amount  of  phosphoric  acid  at  the  disposal  of  the  plant. 
Kellner  [Landw.  Versuchsst.,  82,  865  (1886)]  attributes  to  a  similar  liberation  of 
phosphoric  acid  the  stimulating  effects  of  iron  sulphate  upon  plant  growth  recorded 
by  Eoenig  and  by  Grifiiths  (see  p.  49).  R^veil  [De  Taction  dee  poisons  sur  les 
plantes,p.  41  (1865)]  found  that  sodium  hypochlorite  in  a  solution  of  0.1  per  cent 
stimulates  germination  and  growth,  but  is  injurious,  especially  to  herbaceons 
plants,  when  applied  in  greater  concentration. 
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strychnine,  digitaline,  etc.,  npon  animals.  Numerous  investigators 
liave  obtained  similar  effects  with  plants  by  supplying  them  with  very 
small  quantities  of  various  substances  which  can  not  be  regarded  as 
sources  of  plant  food,  such  as  the  extremely  toxic  salts  of  some  of  the 
heavy  metals.  In  practically  all  such  cases,  however,  it  is  very  prob- 
able that  considerable  hydrolysis  had  taken  place  and  that  the  stimu- 
lation might  well  be  attributed  to  the  hydroxyl  ions  thus  introduced 
into  the  solution. 

Raulin  experimented  extensively  with  the  fungus  Aspergillus  as  to 
the  effect  of  various  metallic  salts  in  stimulating  or  hindering  its 
growth,  his  being  among  the  first  considerable  work  in  this  line.* 

The  well-known  observations  of  Frank  and  Kriiger  ^  indicate  that 
copi)erin  small  quantities  (furnished  by  spraying  with  Bordeaux  mix- 
ture) stimulates  the  growth  of  the  potato,  acting  favorably  upon  almost 
every  organ  and  function,  although  this  metal  is  well  known  to  be 

'  Ann.  Soi.  Nat.,  s^r.  5, 11,  243  (1869). — The  sulphates  of  zinc  and  of  iron  were 
fotmd  to  prodnce  marked  stimulating  effect,  the  former  increasing  the  dry  weight 
of  the  fnngns  two  to  three  or  even  seven  times,  the  latter  about  twice.  In  order 
to  show  that  the  acid  radicle  was  not  responsible  for  the  results,  a  corresponding 
amount  (0.06  gram  of  salt  per  1,000  grams  of  culture  solution)  of  ammonium  sul- 
phate was  tried,  but  no  stimulation  was  obtained.  To  demonstrate  still  more  com- 
pletely that  basic  radicles  are  here  chiefly  concerned  other  salts  (nitrates  of  iron 
and  of  zinc,  zinc  acetate,  iron  citrate)  were  tried  and  yielded  stimulative  effects 
similar  to  those  of  sulphates.  In  cases  where  both  iron  and  zinc  were  added  to 
the  same  culture  solution  (e.  g.,  zinc  nitrate  plus  ferric  citrate,  or  ferric  dtilphate 
plus  zinc  acetate,  or  zinc  acetate  plus  ferric  citrate)  the  stimulating  effect  was 
decidedly  more  marked  than  when  only  one  base  was  used.  When  sulphates  of 
both  zinc  and  iron  were  present  the  effect  was  nearly  twice  as  great  as  in  the 
absence  of  the  former,  and  was  e.xactly  twice  as  great  as  in  the  absence  of  the  lat- 
ter. The  diminution  of  the  stimulating  effect  was  almost  as  great  if  instead  of 
merely  withdrawing  one  or  the  other  base  an  equal  portion  of  the  second  base  was 
substituted  for  the  first;  in  other  words,  when  two  parts  of  zinc  (or  of  iron)  were 
substituted  for  one  part  eabh  of  zinc  and  of  iron.  The  stimulating  effect  of  the 
different  salts  of  zinc  expresses  itself  in  a  crop  from  two  to  four  an4  six-tenths 
times,  ^at  of  iron  in  a  crop  one  and  four-tenths  to  two  and  seven-tenths  times  as 
great  as  in  the  pure  culture  solution. 

Manganeto  was  found  to  produce  effects  similar  to  those  of  iron  and  of  zinc,  but 
*'  less  constant,  less  appreciable.  *'  Silica  (as  silicates  of  potassium  and  of  sodium) 
when  added  to  the  culture  solution  increased  the  dry  weight  of  Aspergillus  in  the 
ratio  of  1.2  or  1.4  to  1 . 

Raulin  wrongly  concluded  that  zinc  and  silica  are  indispensable  to  this  fungus, 
but  justly  emphasizes  '^  this  influence  of  infinitely  small  quantities  of  substances 
upon  vegetation  "  (1.  c,  p.  253). 

J.  Koenig  [Landw.  Jahrb.,  12,  837  (1883)]  and  Griffiths  [Journ.  Chem.  Soc., 
1884,  p.  71,  and  1885,  p.  46]  obtained  evidence  of  a  stimulating  effect  of  iron 
sulphate  upon  the  growth  of  piants  by  watering  soils  used  in  culture  experiments 
with  a  solution  of  this  salt.  On  the  other  hand  Kellner  [Landw.  Versuchsst, 
82,  865  (1886)],  following  the  same  method  of  experiment,  obtained  only  negative 
results. 

>Ber.  d.  dentsch.  hot.  Gesellsch.,  12,  8  (1894). 
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extraordinarily  poisonous  to  plants.^  Miani^  records  the  interesting 
observation  that  in  a  vapor-saturated  chamber  the  mere  presence  of 
copper  in  the  neighborhood  of  but  not  in  contact  with  a  hanging  drop 
of  water  containing  spores  of  Ustilago  and  pollen  grains  of  various 
plants  stimulated  the  germination  of  the  latter.  H.  Schulz'  found 
that  alcoholic  fermentation  is  accelerated  by  the  presence  of  a  small 
quantity  of  mercuric  chlorid.e  and  of  other  substances.  The  devel- 
opment of  Aspergillus  and  of  Penicillium  in  glycerol  cultures  was 
stimulated,  according  to  Pfeffer,^  by  the  presence  of  small  quantities 
of  zinc,  manganese,  cobalt,  etc.  Subsequently  numerous  experiments 
as  to  chemical  stimulation  were  made  by  Richards  upon  fungi.' 


'  For  a  classical  discassion  of  the  toxic  effect  of  exceedingly  dilate  solations  of 
metallic  salts  upon  the  alga  Spirogyra,  see  Nageli,  Neue  Denkschr.  schweizerischen 
Oesellsch.  f.  gesammt.  Natnrw.,  88  (1898).  Copi)er  in  a  solntion  of  1  part  to 
1,000,000,000  of  water  was  found  to  be  fatal!  (I.e., p. 28.)  Attention  has  lately 
been  redirected  to  the  extreme  toxicity  of  copper  by  Deh^rain  et  Demoossy 
[Comptes  rendns,  188.  523  (1901)]  and  by  H.  Devanx  (1.  c,  p.  717).  The  latter's 
observation  that  protoplasm  absorbs  less  copper  when  exposed  daring  several 
honrs  to  a  large  qaantity  of  a  running  very  dilate  solution  (e.  g.,  of  I  part  copper 
to  400,000,000  parts  water)  than  when  placed  for  a  short  time  in  a  single  drop  of  a 
much  more  concentrated  solution  ( 1  part  copper  to  30,000  parts  water)  leaves  wholly 
unexplamed  the  negative  results  as  to  the  extraordinary  toxicity  of  this  substance 
recorded  by  Miani  [Ber.  deutsch.  bot.  Gesellsch..  19,  461  (1901)],  who  immersed 
his  subjects  for  a  long  period  in  a  single  drop  of  solution.  Nageli's  experiments 
have  been  more  recently  repeated  (upon  Spirogyra  and  other  organisms)  by  Israel 
und  Klingmann  [Virchow^s  Archiv,  147,  293  (1897)],  who  made  careful  studies  of 
the  ''oligodynamic "  effects  produced  by  extremely  dilute  solutions  of  copper.  A 
noteworthy  contribution  to  this  subject  by  Galeotti  has  lately  appeared  [Biol. 
Centralbl.,  21,  321  (1901)],  in  which  the  effect  produced  by  a  *'  colloidal "  solution 
of  copper  [prepared  after  the  electrical  method  recently  described  by  Bredig  and 
Miiller  in  Zeitschr.  fur  physik.  Chemie,  81, 258  (1899)]  is  compared  with  that  of  an 
*' ionic '*  solution  of  copper  sulphate  containing  an  equivalent  amount  of  copper. 
This  author  found  that  the  former  (colloidal)  solntion  plasmolyzed  the  protoplasm 
of  Spirogyra  in  a  dilution  (1  gram-atom  copper  in  12,600,000  to  126,000,000  liters  of 
water)  at  which  the  ionic  solution  (of  copper  sulphate)  produced  no  effect  what- 
ever. He  therefore  concludes  that  the  action  of  the  colloidal  solution  is  a  catalytic 
one,  closely  analogous  to  the  catalyzing  action  of  such  colloidal  solutions  (of  cop- 
per and  other  metals)  upon  hydrogen  superoxide. 

-Ber.  deutsch.  bot.  Gesellsch.,  19,  461  (1901). 

^Pfliiger's  Archiv  f.die  gesammte  Physiol.,  42,  517  (1888). 

^  Jahrb.  fur  wiss.  Botanik,  28,  238  (1895). 

'*Ibid.,  80,  665  (1897).  Richards  experimented  wich  sulphate  of  iron  and  with 
salts  of  zinc,  cobalt,  nickel,  and  manganese,  as  well  as  other  substances,  using  as 
subjects  one  si>ecies  each  of  Aspergillus,  Botrytis,  and  Penicillium.  The  estimation 
of  the  amount  of  stimulus  obtained  was  based  upon  the  increase  in  dry  weight  of 
the  whole  mass  of  mycelium  in  the  culture  as  compared  with  that  in  a  control  free 
from  the  stimulating  substance.  Zinc  sulphate  was  found  to  be  the  most  power- 
ful stimulant,  while  important  results  were  also  obtained  with  sulphates  of  iron, 
cobalt,  and  nickel.  Salts  of  lithium  were  likewise  very  effective.  It  was  found, 
however,  that  acceleration  of  the  development  of  the  mycelium  was  accompanied 
by  an  unfavorable  Influence  upon  the  production  of  conidia,  when  salts  of  zinc  or 
of  iron,  amygdaline,  or  morphine  were  added  to  the  culture  solution.  In  other 
words,  a  stimulation  of  one  function  or  phase  of  development  doea  not  necee- 

^rily  imply  stimulation  of  the  organism  as  to  all  its  functions. 
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Recently  an  important  paper  upon  the  effect  of  certain  chemical 
stimuli  upon  fungi  and  algse  has  been  published  by  Ono.^ 

Similar  results  as  to  the  stimulation  of  life  processes  afforded  by  the 
presence  of  small  quantities  of  various  non-nutritive  substances  have 
been  obtained  in  experiments  with  animals.  Loeb  ^  found  this  to  be 
true  of  certain  acids,  hydrates,  and  mineral  salts,  the  accelerating 
effect  produced  by  the  solutions  upon  the  absorption  of  water  by 
muscles,  the  rhythmical  contraction  of  muscles  and  the  segmentation 
of  eggs  being  attributed  to  hydrogen  ions,  hydroxyl  ions,  or  different 
basic  cathions,  as  the  case  may  be.^ 

The  as  yet  obscure  problem  of  the  mode  of  action  of  chemical 
stimuli  as  regards  plants  has  been  discussed  by  Pfeffer,^  from  whom 
it  may  be  permissible  to  quote  at  some  length : 

"In  the  regulation  of  activity  chemical  stimuli  certainly  play  a 
very  extiensive  part.  It  is  obviously  a  matter  of  chemical  stimula- 
tion that  the  seeds  of  Orobanche  and  of  Lathrsea  germinate  only 
upon  the  roots  of  host  plants,  and  probably  the  same  occurs  with 
fungi.  In  the  case  of  initiatory  or  only  regulatory  stimuli,  there  may 
be  partly  involved  substances  which  the  organism  does  not  neces- 
sarily I'equire.  In  fact,  under  certain  circumstances  very  different 
substances  can  cause  an  acceleration  of  activity.  *  *  *  These 
and  similar  phenomena  obviously  arise  from  different  causes.  Partly 
it  may  be  a  matter  of  physiological  counter  reactions,  which  can  also, 
for  example,  occasion  an  increase  of  respiration,  of  circulation  of  the 
protoplasm,  etc.,  in  response  to  injurious  or  other  action.  In  other 
cases  a  more  simple  chemical  acceleration  of  reaction  may  be  con- 
cerned, as  in  catalytic  action." 


1  Joam.  Coll.  ScL  Univ.  TokyA,  18,  141  (1900).  This  author  experimented  with 
varioxiB  species  of  algae  and  f  angi  in  order  to  determine  their  reaction  to  minate 
quantities  of  the  sulphates  of  zinc,  nickel,  iron,  and  cobalt  as  well  as  to  sodium 
fluoride,  lithium  nitrate,  and  potassium  arsenate.  He  found  a  marked  increase  in 
the  toUkl  amount  of  vegetable  matter  produced  in  the  presence  of  any  one  of  these 
substances,  the  increase  in  the  opse  of  alg^  being  due,  however,  to  the  stimulation 
of  vegetative  reproduction  rather  than  to  any  marked  increase  in  the  size  of  indi- 
vidual plants.  The  optimum  dose  for  algSB  is  considerably  smaller  than  that 
for  fungi,  0.0001  gram  molecule  in  most  cases  proving  toxic  to  the  former.  Zino 
sulphate  exerts  the  greatest  stimulating  effect  These  salts  (especially  ZnS04 
and  NaFl)  tend  to  hinder  the  development  of  spores  in  fungi.  Copper  sulphate 
and  mercuric  chloride  stimulate  the  growth  of  fungi,  but  not  of  algsB. 

'See  all  the  papers  of  this  author  cited  in  the  Bibliography. 

'  It  is  probably  worth  while  at  this  point  to  call  attention  to  the  fact  that  in 
nearly  every  case  where  this  stimulative  effect  has  been  observed,  electrolytes 
have  been  used  which  are  known  to  show  marked  hydrolysis,  with  the  formation 
either  of  hydroxyl  ions,  or  more  generally,  as  in  the  case  of  salts  of  the  heavy 
metals,  of  hydrogen  ions.  And  it  may  well  be  that,  as  in  the  studies  of  Loeb,  the 
stimulating  effects  observed  by  former  investigators  may  rightly  be  ascribed  in 
the  majority  of  cases  to  the  presence  of  these  ions. 

4  Jahrb.  fur  wiss,  Botanik,  28,  238,  289  (1895). 
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In  another  work*  Pfeffer  emphasizes  the  idea  of  counter  reactions, 
suggesting  that  ^'one  has  to  do  in  this  accelerating  stimulation  with 
one  of  the  manifold  reactions  which  serve,  thi*ough  more  intensive 
activity,  to  counteract  as  far  as  possible  an  injurious  influence  or  to 
compensate  injuries."  And  again :^  "Probably  this  [stimulating^] 
effect  results  from  a  general  reaction  of  the  organism  against  injurioas 
substances,  since  similar  effects  are  induced  by  ether,  alkaloids,  etc., 
effects  which  also  find  expression  in  an  increase  of  fermentation  and 
respiration.  ♦  *  *  It  is  easy  to  understand  *  *  *  that  further- 
more such  substances  as  are  poisonous  only  in  higher  concentration 
generally  occasion  no  obvious  [stimulating]  effect." 

If  it  can  be  shown  that  such  stimulating  effect  is  sufficiently 
permanent  to  express  itself  in  a  marked  increase  in  the  yield  of  a 
crop,  its  economic  importance  would  he  obvious.  That  the  pres- 
ence of  a  certain  amount  of  calcium  salts  in  the  soil  may  really  act 
as  a  chemical  stimulant  to  growth,  apart  from  the  value  of  the  salts 
as  plant  food,  or  in  rendering  soluble  other  nutritive  soil  components 
there  appears  to  be  some  reason  to  believe.  It  is  not  impossible  that 
other  substances,  even  perhaps  those  salts  of  magnesijum  and  of  sodium 
which  constitute  the  most  noxious  components  of  alkali  soils,  when 
present  in  quantity  too  small  to  be  harmful,  may  be  actively  stimula- 
tive rather  than  merely  indifferent  to  plants.  That  several  of  them 
are  likewise  valuable  as  sources  of  nutritive  material  is  well  known. 
Whether,  after  all,  the  distinction  between  the  chemically  stimulating 
effect  and  the  utility  as  food  of  certain  mineral  salts  be  always  as  sharp 
as  is  commonly  supposed,  is  a  question  which  can  not  yet  be  regarded 
as  decisively  answered. 

ECONOMIC   IMPORTANCE   OF  THE  RESULTS. 

Some  of  the  facts  ascertained  by  these  experiments  with  salt  solu- 
tions in  their  effect  upon  plants  have  a  direct  practical  bearing  upon 
agricultural  conditions  and  methods  in  regions  where  alkali  salts  are 
frequent.  Attention  is  particularly  directed  to  the  effects  obtained 
by  the  addition  of  lime  salts  to  others.  Each  of  the  common  soluble 
alkali  salts  is  found  to  be  very  injurious  when  alone,  but  usually 
much  less  harmful  when  two  are  mixed,  especially  when  a  salt  of  lime 
is  one  component  of  the  mixture.  This  is  strikingly  the  case  with  sul- 
phates of  magnesium  and  of  sodium,  the  noxious  effects  of  these  salts 
being  enormously  lessened  by  the  application  of  lime,  particularly  in 
the  form  of  gypsum  or  land  plaster  (the  dihydrat^  of  calcium  sul- 
phate). Contrary  to  the  general  impression,  this  corrective  effect  was 
found  in  water-culture  experiments  to  be  considerably  less  for  *' black 
alkali"  (sodium  carbonate)  than  for  any  of  the  "white  alkali"  salts, 
although  even  the  harmf  ulness  of  black  alkali  can  certainly  be  greatly 
diminished  by  the  use  of  gypsum. 


'Pflanzenphysiologi©  (Zweite  Anflage),  1,  374  (1897), 
»Ibid.,p.  409. 
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The  soluble  chloride  of  lime  could  apparently  also  be  used  to  advan- 
tage upon  a  soil  which  is  strongly  impregnated  with  alkali.  With 
this  salt  the  best  effects  would  be  anticipated  when  it  is  used  as  a  rem- 
edy for  black  alkali,  although  it  is  likewise  a  powerful  antidote  for  the 
cMoride  and  sulphat-e  of  soda  and  of  magnesia.  But,  except  in  rare 
instances,  the  use  of  chloride  of  lime  upon  a  large  scale  is  hardly  prac- 
ticable. The  little-soluble  carbonate  of  lime  is  likewise  more  or  less 
beneficial  in  all  cases  except  that  of  black  alkali,  but  it  is  a  much 
less  powerful  remedy  than  is  land  plaster  (calcium  sulphate). 

Much  economic  value  should  attach  to  an  extension  of  these  experi- 
ments by  using  mixtures  of  more  than  two  salts.  It  would  thus  be 
possible  to  imitate  more  closely  the  conditions  which  obtain  in  alkali 
soils,  where  several  or  all  of  these  salts  usually  occur  together. 
Furthermore,  other  kinds  of  plants  should  be  tried  in  order  to  deter- 
mine to  what  extent  plants  differ  one  from  another  in  their  power  to 
resist  the  effect  of  various  combinations  of  alkali  salts.  In  this  con- 
nection experiments  should  be  made  with  wheat,  barley,  sugar  beets, 
and  other  important  crops  of  the  region,  as  it  may  be  found  that  one 
crop  is  better  adapted  than  another  to  withstand  the  effects  of  this  or 
that  type  of  alkali  soil. 

This  leads  to  the  possibility  of  selecting  alkali-resistant' breeds  of 
each  of  the  leading  crops.  By  observation  of  a  stand  of  wheat  or  of 
alfalfa  which  has  been  injured  by  the  "rise  of  alkali "  or  by  the  use  of 
alkaline  irrigating  water,  it  is  usually  possible  to  find  here  and  there 
individual  plants  which  have  succeeded  in  surviving  the  injurious 
effects  of  the  salts.  Similar  differences  in  the  power  of  individuals 
to  resist  the  action  of  alkali  salts  was  detected  in  the  culture  exper- 
iments. By  continued  selection  of  the  see<l  of  such  resistant  individ- 
uals, sowing  it  season  after  season  in  alkali  soil,  there  is  reason  to 
hope  that  in  time  a  race  could  be  developed  and  fixed  which  would 
flourish  in  soils  containing  a  greater  amount  of  alkali  than  can  be 
endured  by  the  ordinary  agricultural  varieties.*  It  will  likewise  be 
very  interesting  te  determine  whether  a  race  bred  to  resist  black  alkali, 
for  example,  will  also  prove  to  be  proportionately  resistant  to  white 
alkali,  or  whether  it  will  be  possible  and  desirable  to  develop  differ  ■ 
ent  races  te  suit  different  types  of  alkali  soil.  An  observation  already 
cited  (see  p.  34)  would  indicate  that  the  different  power  of  resistance 
possessed  by  individuals  of  the  same  species  of  plant  is  brought  out 


'Observations  made  by  Roos,  RouRseanx,  and  Dugast  [Ann.  de  la  Science  Agron., 
s§r.  2, 6i^me  ann^,  2, 336  (1900)]  indicate  snch  differences  among  the  grapes  culti- 
vated  in  Algeria.  It  was  found  that  of  different  varieties  growing  in  the  same 
soil  the  fruit  of  some  absorbed  less  sodium  chloride  from  the  soil  than  was  taken 
np  by  others.  As  the  sale  of  wine  containing  too  high  a  content  of  sodium 
chloride  is  prohibited  by  law  in  France,  the  economic  importance  of  this  discovery 
is  obvious.  Although  the  problem  here  involved  is  somewhat  different  from  that 
of  the  power  of  resistance  to  the  poisonous  effects  of  a  salt  npon  the  plant,  it  serves 
to  illustrate  the  general  principle  that  different  individuals  or  races  show  marked 
dissimilarity  in  their  behavior  in  the  presence  of  a  given  soil  component. 
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more  sharply  in  the  presence  of  the  carbonates  of  soda  than  when 
other  ''alkali"  salts  are  concerned. 

So  great  appears  to  be  the  promise  of  i*esalts  to  be  obtained  by  breed- 
ing alkali-resistant  races  of  the  more  important  field  crops  of  the  far 
western  United  States,  that  the  Department  of  Agriculture  has  already 
undertaken  work  on  this  line.  During  the  past  season  experiments 
with  this  end  in  view  wei^e  begun  under  the  direction  of  Mr.  Webber, 
of  the  Plant-Breed  intr  Laboratory,  Division  of  Vegetable  Physiology 
and'Pathology.  It  is  hoped  that  they  will  demonstrate  the  practical 
value  of  this  method  of  approaching  the  problem. 

SUMMARY. 

As  the  result  of  these  preliminarj'^  studies,  the  following  facts  can 
be  regarded  as  established: 

(1)  Those  readily  soluble  salts  of  magnesium  and  of  sodium  which 
are  characteristic  components  of  alkali  soils  are  exceedingly  injurious 
to  plants  when  exposed  to  pure  solutions  of  them  of  concentration 
above  a  minimum  which  is  specific  for  each. 

(2)  They  are  toxic  in  the  following  sequence,  beginning  with  the 
most  harmful:  Magnesium  sulphate,  magnesium  chloride,  sodium  car- 
bonate, sodium  sulphate,  sodium  chloride,  and  sodium  bicarbonate. 

(3)  Calcium  chloride  in  pure  solution  is  ten  times  less  injurious 
than  sodium  chloride,  and  two  hundred  times  less  injurious  than 
magnesium  sulphate,  if  chemically  equivalent  solutions  are  considered. 

(4)  Magnesium  carbonate  in  a  saturat.ed  solution  is  not  markedly 
injurious,  while  magnesium  bicarbonate  in  saturated  solution  acts  as 
a  strong  poison.  Calcium  carbonate  and  calcium  sulphate  are  i)osi- 
tively  stimulating  in  saturated  solutions,  while  calcium  bicarbonate 
appears  to  be  decidedly  injurious. 

(5)  The  toxic  effect  of  the  injurious  salts  is  due  very  much  more  to 
the  influence  of  the  cathions  (derived  from  the  basic  I'adicle)  than  to 
the  anions  (furnished  by  the  acid  radicle). 

(6)  By  mixture  of  equal  volumes  of  two  readily  soluble  salts,  or  by 
the  addition  of  a  solid  excess  of  a  relatively  insoluble  to  a  solution 
of  an  easily  soluble  salt,  the  toxic  effect  of  the  more  harmful  compo- 
nent can  in  a  majority  of  cases  be  diminished,  or  the  concentration  of 
the  more  toxic  salt  endurable  by  the  roots  of  plants  can  be  increased. 

(7)  This  increase  is  much  greater  in  cases  where  a  different  kind  of 
cathion  is  added  to  the  solution  than  when  a  new  anion  only  is 
introduced. 

(8)  Addition  of  sodium  ions  to  a  solution  containing  magnesium 
ions  in  most  instances  markedly  weakens  the  toxic  action  of  the  latter. 

(9)  Addition  of  calcium  ions  to  solutions  conttiining  either  sodium 
or  magnesium  ions  nearly  always  counteracts  to  an  exti'aordinary 
degree  the  injurious  effect  of  the  sodium  or  magnesium  ions,  this 
beneficial  influence  being  usually  much  more  marked  when  calcium 
is  furnished  as  the  sulphate  than  when  the  chloride  is  added. 
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(10)  The  ameliorating  effect  of  calcium  sulphate  is  much  more 
marked  when  it  is  added  to  sulphates  of  magnesium  and  of  sodium 
tlian  when  it  is  mixed  with  the  corresponding  chloride.  It  raises  the 
concentration  limit  endurable  by  plant  roots  in  magnesium  sulphate 
four  hundred  and  eighty  times,  in  sodium  sulphate  more  than  sixty 
times. 

(11)  Even  plasmolysis,  although  supposedly  a  reaction  to  purely 
pliysical  stimuli,  can  apparently  be  completel}'^  prevented  by  altering 
tlie  chemical  nature  of  a  solution  without  materially  diminishing  its 
osmotic  pi*essure.  At  any  rate,  plasmolysis  was  not  detected  in  cases 
-where  a  solid  excess  of  calcium  sulphate  had  been  added  to  a  0.3  or 
even  0.4  normal  solution  of  magnesium  sulphate,  although  a  pure 
solution  of  magnesium  sulphate  is  very  strongly  plasmolyzing  at 
the  concentrations  named. 

(12)  Calcium  chloride  appeal's  to  be  peculiarly  effective  in  neutral- 
izing the  effect  of  sodium  carbonate. 

(13)  The  effect  of  one  kind  of  ion  in  counteracting  the  physio- 
logical action  of  another  kind  can  not  be  entirely  explained  by  a  study 
of  the  chemistry  of  the  solution  itself,  but  must  in  part  be  referred 
to  complicated  changes  in  the  protoplasm  of  the  organisms.  The 
tlieory  that  ions  furnished  by  the  dissociation  of  electrolytes  form 
intimate  combinations  with  the  proteids  of  protoplasm,  and  that 
their  mutually  antagonistic  effect  expresses  itself  in  a  replacement 
of  one  kind  of  ion  by  another  as  a  result  of  change  in  the  composition 
of  the  surrounding  solution,  would  appear  to  afford  the  key  to  this 
problem. 

(14)  At  a  certain  degree  of  dilution  all  of  these  salts  become 
indifferent  (i.  e.,  neither  toxic  nor  stimulating)  in  their  action  upon 
plant  tissues.  The  maximum  concentration  of  the  indifferent  solu- 
tion is  likewise  specific  for  each  salt. 

(15)  At  a  still  greater  dilution  some  of  them,  as  the  salts  of  calcium 
and  the  two  carbonates  of  sodium,  produce  a  positively  stimulating 
effect  upon  the  growth  of  roots. 

(16)  Individual  plants  show  a  marked  dissimilarity  in  their  power 
of  resistance  to  the  toxic  action  of  the  alkali  salts.  Such  individual 
differences  are  strikingly  accentuated  in  solutions  of  sodium  carbon- 
ate and  of  sodium  bicarbonate  of  the  maximum  concentration  which 
will  permit  any  of  the  roots  to  retain  their  vitality. 

CONCLUSION. 

Too  great  stress  can  not  he  laid  upon  the  fact  that  the  experiments 
upon  which  the  present  report  is  based  are  merely  i)reliminary. 
Furthermore,  they  were  designed  primarily  to  afford  a  standard  for 
comparison  of  the  salts  involved.  It  is  not  t;0  be  expected — indeed,  it 
is  assuredly  not  true — that  in  the  soils  containing  these  salts  the  con- 
ditions are  quite  comparable  to  those  maintained  in  the  laboratory  in 
the  course  of  these  investigations.  The  physical  nature  of  the  soil, 
as  well  as  the  presence  of  various  other  soluble  substances,  renders  it 
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certain  that  nowhere  in  the  field  will  these  salts  be  found  to  ha^ve 
anything  like  the  poisonous  effect  which  they  severally  exert  upon 
the  roots  of  plants  immersed  in  water  solutions.  Nevertheless  it  is 
only  from  such  experiments,  conducted  under  simplified  conditions, 
that  we  can  draw  conclusions  as  to  the  actual  effect  of  the  components 
of  alkali  soils  upon  plant  growth. 

It  is  very  desirable  that  this  line  of  investigation  be  continued  and 
extended.  Further  combinations,  perhaps  of  more  than  two  salts, 
should  be  tested;  an  attempt  should  be  made  to  imitate  as  closely  as 
possible  natural  soil  conditions;  plants  in  different  stages  of  growth 
should  be  tried,  for  in  irrigated  regions  it  often  happens  that  a  stand- 
ing crop  is  exposed  to  a  varying  soil  content  of  soluble  salts  at  differ- 
ent periods  of  its  development.  Finally,  it  is  highly  important  that 
the  experiments  be  repeated  with  other  plants  of  wideb'  different 
relationship  and,  as  far  as  possible,  of  actual  agricultural  import-ance 
in  the  region  concerned.  For  while  we  may  assume  for  the  present 
that  the  same  sequence  of  harmfulness  of  the  several  salts  will  obtain 
in  the  case  of  most  or  all  ordinarily  cultivate<l  plants,  this  is  oj^en  to 
doubt,  and  it  is  quite  certain  that  the  actual  limits  of  endurance  differ 
in  the  case  of  different  plants. 
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FOBXATIOir    OP    SODIUM    GABBOHATE,   OR    BLACK    ALKALI,   BY 

PLAHT8. 


By  Frank  K.  Cameron. 


INTRODUCTION. 


Considerable  attention  has  been  paid  within  the  past  few  j^ears  to 
the  possibility  of  growing  valuable  forage  crops  on  some  of  the  alkali 
soils  of  the  arid  West.     This  subject  was  first  taken  up  in  California.* 
The  great  value  of  saltbushes  Tor  certain  soil  conditions  and  for  cer- 
tain kinds  of  c-attle  feeding  seems  to  be  well  established,  but  as  both 
Hilgard  and  Goss*  have  pointed  out  there  is  an  element  of  danger, 
expressed  in  the  prevalent  belief  that  most  of  these  plants,  including 
the  greasewood,  chico,  and  other  indigenous  plants,  convert  the  less 
harmful  neutral  salts,  such  as  sodium  chloride  and  sodium  sulphate, 
into  alkali  carbonates — that  is  to  say,  the  less  harmful  **  white  alkali " 
is   converted  into  the   more  noxious   '*  black  alkali,"  as  has  been 
shown  by  the  presence  of  sodium  carbonate  immediately  under  such 
plants,  whereas  no  trace  of  it  exists  some  distance  away.     It  may  be 
possible  that  the  plants  with  their  enormous  root  systems  actually 
gather  up  minute  traces  of  sodium  carbonate,  which  may  be  present 
in  lower  depths  of  soil,  gradually  causing  an  accumulation  at  the 
surface  on  the  decay  of  their  roots  and  branches.     But  the  generally 
accepted  hypothesis  of  the  conversion  of  the  neutral  salts  appears 
more  probable,  as  will  be  seen  in  the  course  of  this  paper.     It  would 
seem  probable  that  plants  growing  in  bunches  or  mats  would  be  more 
effective  in  producing  these  localized  black-alkali  spots,  but  some  of 
the  most  striking  illustrations  of  this  phenomenon  have  been  observed 
in  connection  with  more  upright  species,  such  as  Sarcobatus  vermi- 
culatics,  the  common  "grease wood"  of  the  West. 

In  the  study  of  the  alkali  soils  of  the  arid  regions  the  field  parties 
of  the  Division  of  Soils  have  found  the  local  flora  of  great  value  in 
indicating  the  character  of  the  particular  soils  where  they  are  found. 
This  apparent  relation  between  the  plant  and  the  salts  present  in  the 
soil  became  of  interest  in  this  connection  and  was  referred  to  the 


'  University  of  Calif omia.  Agricultural  Experiment  Station,  Bui.  No.  125  (1899). 
'New  Mexico  College  of  Agriculture  and  Mechanical  Arts,  Agricultural  £xperi> 
ment  Station,  Bui.  No.  22,  p.  41  (1897). 
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laboratory  for  consideration.  The  results  of  some  preliminary  inves- 
tigations have  proved  of  such  interest  as  to  warrant  immediate 
publication. 

CRBOSOTE   BUSH. 

A  specimen  of  the  creosote  bush  *  ( CovUlea  trideniata)  was  examined. 
This,  while  a  desert  plant,  is  said  to  shun  soils  where  there  is  mach 
water-soluble  salts.  Mr.  Means  states  that  its  presence  can  be  taken 
as  a  sure  indication  of  land  free  from  injurious  quantities  of  alkalL 
It  is  found  in  dry,  well-drained  upland  soils. 

The  material  was  thoroughly  air  dried.  The  leaves  and  stems  were 
then  carefully  separated,  and  both  of  the  separated  samples  were 
ground  fine  in  an  agate  mortar.  A  portion  of  each  sample  was  burned 
to  ash.  The  finely  ground  air-dried  material  and  the  ash  were  each 
carefully  leached  with  successive  small  portions  of  water  until  the 
leachings  ceased  to  show  the  presence  of  chlorides.  The  leachings  in 
each  case  were  then  brought  together  and  made  up  to  a  volume  of  oOO 
cubic  centimeters,  and  the  various  determinations  were  made  with 
100  cubic  centimeter  portions.  The  carbonates  ^  were  determined 
by  titrating  with  a  twentieth  normal.  (N/20)  solution  of  hydrogen 
potassium  sulphate  until  loss  of  color,  using  phenolphthaleine  as  indi- 
cator. So  soon  as  the  color  had  disappeared  a  drop  or  two  of  a  solu- 
tion of  potassium  chromate  was  added  and  the  chlorine  determined 
by  titrating  with  a  tenth  normal  (N/10)  solution  of  silver  nitrate. 
The  sulphates,  when  determined,  were  estimated  gravimetricAlly  as 
barium  sulphate  in  the  usual  manner.  For  convenience  the  acids  thus 
found  to  l)e  present  are  stated  as  the  corresponding  sodium  salts. 
This  procedure  seemed  to  be  justified  by  a  subsequent  determination 
of  the  amount  of  sodium  present  in  the  solution.  It  is  a  well  estab- 
lished fact,  and  a  familiar  one  to  chemists,  that  when  a  salt  of  an 
alkali  metal  is  burned  down  with  charcoal  or  other  organic  matter  a 
part  of  the  mineral  acid  is  volatilized  and  driven  off,  the  alkali  base 
forming  a  carbonate,  which  is  a  stable  compound  even  at  quite  high 
temperatures.  Nevertheless  this  is  a  point  often  overlooked  in  tlie 
discussion  of  ash  analyses.  In  obtaining  the  ashes  the  examinations 
of  which  are  described  in  this  paper,  very  great  care  was  exercised  to 
reduce  the  amount  of  this  loss  of  the  mineral  acid  as  far  as  x>ossible, 
and  the  burning  was  done  at  as  low  a  temperature  as  possible.  In 
some  cases  the  large  amount  of  fused  salt  in  the  burning  ash  coated 
the  chaiTed  organic  matter  in  such  a  way  as  to  render  further  com- 
bustion at  a  comparatively  low  temperature  quite  impossible.  In  these 
cases  the  combustion  was  stopped,  the  fused  salts  leached  out  with 
water,  and  the  residue  reburned.  It  seems  probable,  as  will  appear 
from  the  results  which  will  be  presented,  that  the  loss  of  mineral  acids 


*  Collected  by  Mr.  Thos.  H.  Means  near  Tempe,  Ariz. ;  kindly  identified  for  xa 
by  Mr.  F.  V.  Coville. 

^Report  64,  Division  of  Soils,  U.  S.  Dept.  Agr.  (1900);  Amer.  Chem.  Jonr.,  28, 
571  (1900).    Bnl.  18,  p.  77,  Division  of  Soils,  U.  S.  Department  of  A^cnlture  (1901). 
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ill  the  burning  of  the  plant  to  ash  was  kept  down  to  a  very  small  per- 
centage by  following  the  procedure  described. 

The  data  obtained  on  examination  of  the  ashes  from  the  creosote 
bush  are  presented  in  the  following  table: 

Table  XII. — AiicUysia  of  the  ask  of  the  creosote  hush. 


stems. 


Weii^ht  of  sample,  grams 

Weight  of  ash,  grams 

Ash.per  cent  of  plant 

NasCOji,  per  cent  of  ash 

NaCl^per  cent  of  ash .-. 

NatCCis,  per  cent  of  air-dried  plant . 
NaCl.  per  cent  of  air-dried  plant  .. . 


Leaves 

Leaves. 

and  small 

stems. 
3.6942 

8.66S0 

.8282 

.3796 

9.66 

10.27 

8.90 

13.18 

5.71 

5.37 

.86 

1.35 

.55 

.56 

6.6445 
.3710 
6.68 

17.  ra 

3.55 
•  Ml 
.19 


The  dry  leaves,  which  had  been  ground  fine  in  a  mortar,  were 
extracted  with  distilled  water  at  the  room  temperature  in  the  manner 
described  above.  The  extract  failed  to  show  the  presence  of  either 
sodium  carbonate  or  sodium  chloride,  but  appeared  to  be  slightly  acid. 
An  extract  made  by  boiling  the  leaves  with  water  also  failed  to  show 
anv  chlorides  or  carlwnat^s. 

From  the  facts  which  have  been  i)re8ented  it  would  appear  that 
while  the  plant  does  contain  chlorine  there  is  no  sodium  chloride 
present  as  such,  and  therefore  it  is  probable  that  the  chlorine  is  in 
organic  combination  although  nothing  is  definitely  known  of  the 
presence  of  such  combinations  in  plants.  The  sodium  is  largely  in 
excess  of  the  amount  required  to  balance  the  chlorine  as  sodium  chlo- 
ride. This  fact  was  shown  by  an  actual  determination  of  the  sodium.* 
It  would  seem,  therefore,  that  at  least  a  large  part  of  the  sodium  in  the 
plant  is  in  organic  combination,  possibly  with  some  organic  acid,  and, 
on  combustion  or  ultimate  decay  of  the  plant  tissues,  much  sodium 
carlx)nate  would  be  formed,  as  was  found  to  be  the  case  when  the  plant 
was  reduced  to  ash  in  the  laboratory. 

It  is  interesting  to  note  that  the  mineral  constituents,  as  shown  by 
the  ash  analyses,  had  accumulated  in  the  leaves  to  about  twice  the 
amount  in  which  they  were  held  by  the  stems.  The  difference  is  very 
much  less,  however,  if  we  consider  only  the  water-soluble  constitu- 
ents in  the  ashes.  Assuming,  for  the  sake  of  argument,  that  the  base 
in  combination  with  the  carbonic  acid  and  chlorine  as  determined  was 
entirely  sodium,  its  distribution  is  shown  by  the  following  table: 

Table  XIII. — Distribution  of  sodium  in  leaves  and  stems. 


Percentages  calculated  for  ash.     ^*'™°***^^iod'plant.''^  '*'''  *'"■■ 


Part  of  plant 

Prom 
Na,CO,. 

3.86 
7.69 

1 

From 
Naa. 

TotaL 

From     I 
NasCO,.   1 

From 
NaCl. 

TotaL 

Leaves 

Stems 

2.25 
1.40 

6.11 
9.09 

1 

0.37  ■ 
.43  1 

0.22 
.07 

0.60 
.50 

^  Unforttinately  it  was  not  anticipated  at  the  time  this  determination  was  made 
that  the  exact  fij^ire  would  he  required  in  this  discussion,  and  the  data  were  not 
entered  in  the  laboratory  notebook  and  have  been  mielaid. 
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It  appears  that  in  the  leaves  there  was  about  2.7  times  as  much 
sodium  as  was  necessary  to  balance  the  chlorine,  while  in  the  stems 
there  was  more  than  seven  times  as  much  of  tlie  base  as  the  acid  would 
require.  This  suggests  the  possibility  that  the  chlorine  was  being 
eliminated  through  the  leaves,  probably  in  the  form  of  some  volatile 
compound,  which  may  be  the  source  of  the  odor  from  the  plant.  This 
idea  is  brought  out  somewhat  more  strikingly,  perhaps,  by  noting  that 
the  analytical  figures  given  above  indicate  that  the  total  amount  of 
water-soluble  mineral  constituents  in  tlie  leaves  is  1.19  times  the 
amount  in  the  stems,  but  that  the  amount  of  chlorine  in  the  leaves  is 
2.75  times  that  found  in  the  stems;  from  which  it  would  appear  that  the 
chlorine  was  being  concentrated  in  the  leaves  and,  as  has  been  pointed 
out,  was  there  present,  in  all  probability,  in  organic  combination.  This 
is  a  point  which  iiierits  further  attention,  and  it  is  hoped  that  it  will 
be  the  subject  of  a  more  thorough  investigation  in  the  future. 

GREASEWOOD. 

A  more  thorough  examination  of  a  specimen  of  greasewood  ^  {Sarco- 
batus  ver7)iicul.afus)  was  made.  This  is  a  typical  *'  alkali  plant,"  its 
presence  being  usually  regarded  as  a  good  indication  of  much  water- 
soluble  material  in  the  soil.  Mr.  Means  reports  that  whenever  he  has 
observed  it  the  soil  generally  shows  the  presence  of  sodium  carbonate, 
the  only  exception  being  in  Montana,  where  the  soluble  salt.s  are 
entirely  sulphates.  It  would  appear  that  this  latter  statement  war- 
rants further  examination  of  the  locality  mentioned. 

The  analytical  results  obtained  from  examination  of  the  ashes 
follow: 

Table  XIV. — Analysis  of  the  ash  of  tlie  greaseicood  plant. 


Leaves  ^       Leaves 
and  bios-  '  and  blos- 
soms (1).  ;  soms  (2). 


Welf^ht  of  sample,  grams 

Weight  of  ash,|rrams 

Asb,per  cent  or  plant 

NaiCOs,  per  cent  of  ash 

NaCl,  percent  of  ash 

NasSUi,  per  cent  of  ash 

NasCOs,  per  cent  of  air-dried  plant. 
NaCl,  per  cent  of  air-dried  plant . . , 
Na3S04,  per  cent  of  air  dried  plant. . 


10.6385 

2.7505 
25.85 
51.98 
20.47 

7.97 
13.43 

5.29 

2.06 


5.0000 
1.1736 

33.47 

57.90 

22.24 


Stems. 


13.69 
5.22 


10.6817 

.5274 

4.94 

29.46 

14.31 

3.69 

1.45 

.71 

1.18 


1  Owing  to  the  relatively  large  amount  of  fused  salts  which  coated  the  carbon  or  other  organic 
matter,  this  latter  could  not  be  completely  burned  off  when  reducing  such  a  large  sample  to  ash. 

Five  grams  of  leaves  and  blossoms,  by  successive  leachings  with 
distilled  water  at  room  temperature  until  the  leachings  aggregated  2 
liters,  gave  (1)  5.81  and  (2)  5.68  per  cent  of  sodium  chloride.  In  both 
experiments  the  washings  showed  no  ti-ace  of  soluble  carbonates,  but 
were  slightly  acid.  The  residue  from  (1)  after  ignition  gave  a  trace 
of  sodium  chloride  and  0.04  per  cent  of  sodium  carbonate. 


>  Collected  by  Mr.  Frank  D.  Gardner  near  Salt  Lake,  Utah. 
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By  the  method  of  C/ariiis — that  is,  heating  in  sealed  tubes  with  fum- 
ing nitric  acid  and  silver  nitrate — 

(1)  0.2327  gram  of  leaves  and  blossoms  gave  0.0310  gram  AgCl, 
equivalent  to  5.43  per  cent  of  sodium  chloride. 

(2)  1.0759  grams  of  leaves  and  blossoms  gave  0.1432  gram  AgCl, 
equivalent  to  5.43  per  cent  of  sodium  chloride. 

Fi-om  these  results  it  would  appear  that  the  plant  contains  chlorine, 
but,  within  the  limits  of  experimental  error,  all  the  chlorine  is  present 
as  sodium  chloride,  which  can  be  leached  out  with  water  at  ordinary 
temperatures.  This  is  probably  true  of  the  major  part  of  the  sul- 
phates also,  although  this  w^as  not  shown  quantitatively.  A  striking 
feature  is  the  much  larger  amount  of  ash  from  the  leaves  and  blossoms 
than  f  i-om  the  stems  and  the  markedly  larger  per(*entage  of  the  alkali 
salts  in  the  ash  of  the  former.  The  idea  suggests  itself  that  possil)ly 
tlfis  plant  takes  up  and  stores  the  salts  and  holds  them  as  such 
until  it  is  ready  to  use  such  part  of  them  as  it  needs. ^  On  the  other 
hand,  it  may  be,  for  all  that  we  now  know%  that  these  salts  are 
present  as  described  only  because  the  i)lants  can  not  prevent  their 
accumulation,  and,  so  far  from  being  an  inherent  feature  of  the  plant's 
economy,  it  may  be  a  most  undesirable  accident  due  to  their  peculiar 
environment,  but  an  accident  in  spite  of  which  these  particular  plants 
are  able  to  survive. ^  But,  as  Schimper-^  has  pointed  out,  this  can  not 
be  true  in  all  cases,  as  evidenced  by  the  fact  that  halophilous  plants 
show  a  tendency  to  take  up  more  salts  than  nonhalophilous  species, 
even  when  grown  in  nonsaline  soils. 

None  of  the  chlorine,  apparently,  was  in  organic  combination,  this 


'Schimper  [Indomalayiscbe  Strandflora,  p.  12  (1891);  Pflanzen-Geographie, 
p.  99  (1898)]  has  expressed  the  opinion  that  halophytes  thrive  on  salty  soils 
because  of  a  peculiar  physiological  structure  which  enables  them  to  reduce  to  a 
minimum  the  evaporation  from  their  leaves  and,  in  consequence,  the  absorption 
of  the  salt  solutions  in  the  soil  throus^h  their  roots.  The  salt  content  of  their  sap 
is  thus  kept  below  a  certain  concentration,  although  this  concentration  may, 
and  often  does,  greatly  exceed  that  which  would  be  determined  by  "osmotic 
equilibrium." 

Stahl  [Bot.  Zeitung,  p.  139  (1894)]  observes  that  only  a  few  species,  such  as 
Reauviuria  Jiirtella,  described  by  Volkens  [Die  Flora  der  Aegyptisjh-Arabischen 
Wfiste,  p.  27  (1887)] ,  are  known  to  be  able  to  free  themselves  from  the  salt. 

Diels  fJahrb.  ftir  wiss.  Botaniqne,  32, 316  (1898)]  objects  that  Stahl  experimented 
with  cultivated  p^.ants  and  that  the  retarded  root  action  noted  by  Schimper  does 
not  take  place  under  natural  conditions,  and  that,  as  a  matter  of  fact,  and  probably 
through  the  agency  of  malic  acid,  most,  if  not  all,  the  halophytes  rid  themselves  of 
an  excess  of  chloride.  Diel's  methods  of  experiment,  as  well  as  the  conclusions 
which  he  draws  from  his  own  premise-?,  are  criticized  by  W.  Beneke,  Jahrb.  fur 
wiss.  Botaniqne  86,  179  (1901 ). 

Directly  bearing  upon  this  hypothesis  is  an  observation  by  Detmer  [Bot.  Zeitung, 
42,  791  (1884)]  that  *' organic  acids  under  the  condition  prevailing  for  the  vegetable 
organism  are  in  a  position  to  decompose  chlorides  with  a  formation  of  free  hydro- 
chloric acid."    See  also,  Osborne,  Report  Conn.  Ag.  Ex.  St.,  1900,  p.  441. 

-Contejean,  Qeog.  Bot.,  p.  71. 

^Schimper,  Pflanzengeographie,  p.  101  (1898). 
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plant  being  in  striking  contrast  in  this  respect  to  the  CovUlea  iri- 
dentuta  examined  above. 

Anotlier  interesting  point  is  that  the  leachings  of  the  air-dried 
leaves  and  blossoms  must  have  contained  about  three  times  as  much 
sodium  as  was  necessary  to  balan(*e  the  hydrochloric  and  sulphuric 
acids  present  hi  the  plant.  The  total  amount  of  sodium  calculat-ed 
from  the  ash  analysis  would  l>e  8.152  per  cent.  A  direct  determination 
of  the  sodium  made  on  an  aliquot  part  of  the  leachings  gave  8.55  per 
cent,  while  the  amount  calculated  as  necessary  to  balance  the  hydro- 
chloric and  sulphuric  acids,  as  determined  by  the  ash  analysis,  is  2. 08 
per  cent.  The  residue  after  leaching  contained  practically  no  chlo- 
rine, sulphates,  or  carbonates.  It  would  appear  that  in  the  burning 
of  the  plant  or  in  its  decay  the  sodium,  which  is  probably  present  in 
organic  combination,  yields  sodium  carbonate  as  a  decomposition  prod- 
uct, and  this  in  turn  is  found  in  the  ash  or  debris.  It  seems  probable 
that  a  large  pai't  of  the  chlorine  which  was  originally  taken  ui>  or  at 
least  held  by  the  plant  in  the  form  of  sodium  chloride  has  been  thrown 
off  b}"  the  plant  in  some  manner,  the  sodium  being  retained  in  organic 
combination. 

ABSORPTION    OF   MINERAL   CONSTITUENTS   BY   THE   PLANT. 

Inspection  of  the  analyses  of  the  ashes  of  plants  in  general,  whether 
leaves,  stems,  or  in  fact  any  part  of  the  plant  tissues,  shows  that  there 
are  more  than  enough  base-forming  elements  to  counterbalance  the 
possible  inorganic  acids  which  the  ivsults  indicate  to  be  present. 
Moreover,  the  ashes  are  alkaline.  It  is  still  an  open  question  as  to 
how  these  bases,  which  appear  in  excess,  or,  more  generally,  how  all 
the  ])ases,  are  taken  up  and  assimilat(Ml  by  the  plants  and  what 
'becomes  of  the  acid  radicals.  While  it  is  i)ossible-  that  some  of  the 
alkaline  materials  may  have  been  absorbed  by  the  plant  in  the  form 
of  carbonates  as  such,  the  amount  thus  absorbed  will  l)e  relatively 
very  little,  for  by  obvious  metat  hetical  reactions  or  double  decomposi- 
tions there  would  be  formed  carbonates  of  the  alkaline  metals.  These 
latter  would  be  hydrolized  in  wat^n*  to  some  ext-ent,  giving  caustic 
solutions  which  would  undoubtedly  corrode  the  tissues  of  the  plants. 
The  question  as  to  the  disposition  of  the  a<*id  residues  is  then  perti- 
nent. Several  possible  explanations  suggest  themselves,  which  seem 
worthy  of  attention  in  this  connection. 

It  is  possible  that  chlorine,  for  example,  which  may  have  been  in 
the  acid  radical,  has  been  changed  by  the  plant  in  such  a  way  as 
to  form  organic  substances,  and  that  these  organic  substances  may 
be  exhaled  by  the  plant  as  odors  or  exuded  by  the  leaves  or  roots. 
Against  the  latter  suggestion  the  experiments  of  Diets  ^  indicate  that 
the  excretion  of  such  substances  by  the  roots  is  very  improbable.  On 
the  other  hand,  the  chlorine  or  sulphur  may  be  retained  in  the  plant 
tissues  in  organic  combination  in  such  form  that  they  more  or  less 


^  Jabrb.  fiir  wise.  Botaniqne,  32,  316  (1898). 
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completely  disappear  on  combustion,  the  organic  combination  volatil- 
izing as  such,  or  by  decomposition  yielding  volatile  products  contain- 
inij:  the  chlorine  or  sulphur.^  In  evidence  against  this  view  are  the 
results  obtained  in  the  examination  of  the  sample  of  Sarcohatius 
verniicidatiis^  where  it  was  found  that  the  total  amount  of  chlorine  in 
the  plant,  as  determined  by  the  Carius  method,  in  which  there  was 
afforded  no  opportunity  for  any  of  the  chlorine  to  escape,  was  the 
same  as  the  amount  leached  out  of  the  ashes  by  water,  within  the 
limits  of  experimental  error. 

Another  idea  tliat  presents  itself  is  that  the  bases  and  acids  are 
taken  up  by  the  plant  in  the  form  of  salt  solutions;  that  the  plant 
selects  and  retains  the  bases  and  excretes  the  acid  radicals  in  some 
manner  as  acids.  It  is  noteworthy,  in  this  connection,  that  it  has 
been  observed  generally  in  the  cases  of  water  cultures  that  the  nutri- 
ent solutions  gradually  become  acid  unless  special  conditions  are 
introduced  to  prevent  it.  Occasionally,  however,  cases  have  been 
found  where  the  culture  solutions  actually  become  alkaline.  ^  The 
point  of  special  importance  in  this  connection  is  that  either  a  base  or 
an  acid  radical,  more  often  the  latter,  is  either  rejected  or  ejected  by 
the  plant. 

It  seems  to  have  been  generally  supposed  that  the  acidity  of  these 
solutions  was  due  to  organic  acids  formed  and  excreted  by  the  plant, 
but  no  satisfactory  proof  for  this  view  has  been  adduced.  The  weight 
of  evidence  is  now  decidedly  against  this  view.  It  is  not  at  all  diflBi- 
cult,  from  the  point  of  view  of  the  chemist,  to  construct  a  probable 
"mechanism  "  for  the  phenomena  presented,  supposing  that  the  plant 
has  selectively  retained  the  basic  constituents  and  excreted  the  acids, 
and  that  the  acidity  of  the  culture  solutions  is  due  to  the  free  mineral 
acids.  Diels's^  investigations  in  this  direction  are  particularly  interest- 
ing. He  found  that  certain  halophilous  plants,  when  placed  in  distilled 
water,  steadily  lost  the  sodium  chloride  they  contained.  He  showed 
that  the  salt  was  not  excreted  as  such,  *  and  offers  as  a  probable  expla- 
nation that  the  gi-eater  amounts  of  malic  acid — the  formation  of  which 
is  shown  to  l)e  a  usual  accompaniment  of  growth  in  succulent  plants, 
such  as  most  of  the  halophytes  are — decomposes  the  sodium  chloride, 
forming  sodium  malate  and  hydrochloric  acid,  and  this  latter  is  possi- 
\>\y  excreted  by  the  roots.  ^  The  solutions  become  acid,  but,  on  account 
of  the  experimental  difficulties,  it  was  not  definitely  proved  that  the 

*  It  is  not  intended  to  imply  that  chlorine  and  sulphur  may  not  play  very  differ- 
ent parts  in  the  plant  economy,  but  the  general  considerations  advanced  might 
be  true  for  either  of  these  or  other  elements. 

^  Witness  the  classical  investigations  of  Stohmann,  Sachs,  and  Enop,  described 
by  Johnson  in  How  Crops  Grow,  p.  180. 

^Loc.  cit.  See  also  Kearney,  Contributions  from  U.  S.  National  Herbarium, 
Vol.  V, No.  5,  p.  277  (1900);  and Benecke,  Jahrb. fiir.  wiss.  Botanique,  86, 179  (1901 ). 

^Thia  point  was  established  as  early  as  1865  by  Wolf,  Landw.  Versuchstt.,  7  pp. 
20,211  (1865). 

*^*ee  reference  to  Benecke  on  p.  64. 
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acidity  was  due  to  the  pi-esenee  of  hydrochloric  acid.  It  is  intended 
that  some  experiments  in  this  direction  shall  soon  be  made  in  the 
laboratory. 

A  somewhat  simpler  explanation  than  the  one  just  described  may 
be  offered — simpler  because  it  does  not  require  that  the  plant  must 
first  take  up  the  acid  radical  and  then  go  through  the  revei-se  process 
of  exuding  it  again.  It  is  known  with  reasonable  certainty  that  a 
certain  amount  of  hydrolysis  takes  place  in  aqueous  salt  solutions, 
although  the  absolute  amount  maj'^  be,  and  w^ith  ordinary  strong  elec- 
trolj'^tes  usually  is,  very  small  indeed;  nevertheless,  it  does  take 
place  to  some  extent,  and  it  seems  not  impossible  that  the  plants 
might  show  their  selective  properties  in  the  solution,  taking  up  the 
base  more  rapidly  tha'n  the  acid,  the  .latter  in  consequence  being  left 
in  greater  proportion  in  the  culture  or  soil  solution.  Of  classical 
importance  in  this  connection  is  the  work  of  Kuhn,^  who  found  that 
when  maize  was  grown  in  a  solution  containing  ammonium  chloride, 
the  ammonium  residue  was  partly  taken  up  by  the  plant  and  hj'dro- 
chloric  acid  remained  in  the  solution.  In  fact,  there  does  not  seem 
to  be  any  inherent  difficulty  in  supposing  that  the  plant  might  selec- 
tively absorb  anj^  ion  for  which  it  might  have  a  special  predilection. 
As  soon  as  this  ion  is  removed  from  the  solution  the  corresiwnding 
ion  with  its  opposite  charge  of  electricity  must  either  be  removed 
from  the  solution  by  pi*ecipitation  or  volatilization,  for  example,  or  it 
at  once  reacts  with  the  water.  Supposing  the  ion  removed  by  the 
plant  to  be  a  base,  the  action  of  the  remaining  acid  ion  on  the  water 
must  necessarily  be  accompanied  by  the  liberation  of  oxygen  from 
the  water  of  the  solution.  Whether  or  not  anv  observation  of  this 
kind  has  been  made  I  do  not  know,  but  the  liberation  of  the  oxv^en 
might  very  well  take  place  so  slow^ly  as  to  escape  detection.  The 
question  as  to  what  becomes  of  the  electrical  energy  on  the  ion  which 
the  plant  absorbs  will  be  answered  in  a  consideration  of  the  work 
energy,  heat  energy,  or  other  equivalent  forms  of  energy  involved  in 
the  mechanism  of  the  absorption  process,  and  does  not  necessarily 
demand  further  consideration  at  this  point.  ^ 

It  must  be  admitted  in  all  frankness  that  the  known  facts  in  our 
possession  are  not  sufficient  to  justify  a  positive  opinion  as  to  the 
view^s  just  presented.  They  seem,  however,  to  be  founded  on  a 
rational  basis  and  are  put  forward  tentatively  as  suggestive  of  possi- 
ble lines  of  investigation  and  the  justification  for  formulating  them 
here  will  be  found  in  the  results  of  future  work.  Whatever  may  be 
the  bearing  of  this  w^ork  on  the  ideas  here  presented,  it  can  not  fail 
to  be  of  the  utmost  importance  in  throwing  light  upon  the  difficult 
problem  of  plant  nutrition. 


'  Henneberg's  Journal,  pp.  116  and  135  (1864). 

-  These  views  are  not  intended  to  imply  that  salts  can  not  be  taken  up  as  such, 
even  by  nonhalophilous  plants,  under  certain  conditions.  Wolf  (loc.  cit)  has 
long  since  shown  that  this  may  be  done,  and  that,  moreover,  in  such  cases  the 
'•ocess  can  not  be  a  simple  diffusion  phenomenon. 
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From  the  data  presented  above  it  is  evident  that  in  the  decay  of 
wood  or  leaves  or,  in  general,  of  plant  tisanes,  alkaline  carbonates 
are  furnished  to  the  soil.  It  may  be  that  the  processes  of  decay  will 
furnish  at  the  same  time  organic  acids  stronger  than  carbonic  acid 
and  in  sufficient  quantity  to  combine  with  all  the  bases  and  prevent 
an  alkaline  reaction.  As  has  been  shown  in  this  laboratory  carbonic 
acid  itself  may  be  formed  in  sufficient  amounts  to  convert  all  tlie 
carbonates  to  the  form  of  bicarbonates  and  thus  prevent  an  alkaline 
reaction.  There  is  not  sufficient  evidence  to  justify  a  positive  state- 
ment, but  it  would  seem  probable  that  this  can  not  be  always  the  case 
and  that  in  fact  there  is  alkali  formed  by  the  decay  of  plant  tissues. 
In  humid  regions  the  alkali  thus  formed  is  removed  by  leaching  or 
similar  processes  and  by  chemical  reactions  with  the  other  soil  com- 
ponents, for  which  reactions  water  is  necessary. 

In  the  arid  regions,  such  as  are  found  in  the  western  part  of  the 
United  States,  peculiar  phenomena,  due  to  the  special  conditions 
therti  existing,  have  been  observed.     The  indigenous  plants  which  are 
found  on  the  alkali  lands  are  comparatively  few  in  number,  both  as 
to  species  and  as  to  individuals;  others  have  been  artificially  intro- 
duced.    They  all  have  the  property  of  absorbing  more  or  less  large 
ancLOunts  of  water-soluble  mineral  salts  and  on   analysis  all  show 
characteristically  large  percentages  of  bases.     When  the  leaves  or 
debris  from  these  plants  have  decomposed  there  is  often  found  greater 
or  less  accumulation  of  carbonates,  although  before  the  plant  was  cul- 
tivated that  particular  region  may  have  been  quite  free  from  soluble 
carbonates.     The  decay  of  any  organic  matter  with  the  accompany- 
ing formation  of  carbonic  acid  in  a  soil  containing  soluble  salts  of  the 
alkali  metals  must  be  expected  to  result  in  the  formation  of  soluble 
carbonates,  partly  by  dissolving  lime  or  magnesium  compounds,  fol- 
lowed by  subsequent  metathetical  reactions  or  double  decompositions 
with  the  alkali  salts;  more  slowly  and  in  lesser  degree,  perhaps,  but 
nevertheless  surely,  if  the  formation  of  carbon  dioxide  is  continued, 
by  a  distribution  of  the  base  between  the  two  acids.     This  last  proc- 
ess, however,  is  probably  of  decidedly  minor  importance  in  the  phe- 
nomena under  consideration. 

Owing  to  the  conditions  of  climate  and  drainage  existing  in  the 
arid  regions  these  carbonates  when  formed  are  not  leached  away,  as 
in  the  humid  regions,  and  gradually  accumulate  to  the  more  serious 
detriment  of  the  soil. 

COMPARISON  OP  ANALYSES. 

For  the  purpose  of  comparison,  two  analyses  of  greasewood  {Sarcoba- 
tus  vermioulatas)  ash  are  here  quoted,  the  first  published  by  Hilgard,^ 
and  the  other  by  Goss  and  Griffin.  ^ 

■  I  ■■■  —  ■■■  ■-■■■■■■■■  ■■■■111  ■         I     _     ■  ■  I  I     ■     .    I  —     n ■■■■_■■  ■       -^ ^""^^ 

'  University  of  California,  Report  of  Agr.  Exp.  Sta.,  p.  142  (1890). 

*New  Mexico  College  of  Agr.  and  Mech.  Arts,  Agr.  Exp.  Sta.,  Bui.  23,  p.  41 

(1897). 
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Table  XV. — Two  analyses  of  as?i  of  greaserirood  jAani, 


Constituents.  '     ^\"^.    i  ^^<:"»<1 

analysis.  aimU-sis. 


Percent.   Percent. 
Ash  of  air-dried  plants 12.(fl  i:i.  12 


SiO,-.  11.  SI  3.(H) 

KoO ,        lh..W  22.(16 

NajO 

Ca6.. 

MgO 

MnO* 

FejOg I 

AUOg I 

P5O5 3.51  ,  4.12 

BOg 4.1W  4.;« 

COj 0 -W  23.»» 

CI - 15.  (H  8.01 


1.36  6.r,3 

l.m  I  1.35 

Trace. 

7.(»  '  >4.73 


Oxygenr  chlorine 3.25  1.81 


W.TiJ  UK).  00 


'  By  difforeiift'. 

While  thoso  analyses  differ  cons i(leral)lv  in  details  they  indicate  the 
same  general  coni^lusions;  that  is,  the  ash  or  d(^(M)niposition  prodiictvS 
of  the  i)lant  will  yield  a  yerj'  lar^e  amount  of  alkali  in  the  form  of 
carbonates.     The  figures  in  Hilgard's  analysis,  lie  stat(\s,  indicate  the' 
presence  of  about  25  per  cent  of  sodium  chloride;  about  S  i)er  cent  of 
Glauber's  salt  (Na2SOjl()n2<)),  and  about  30  iK»r  cent  sodium  carbon- 
ate.    Combining  the  figurc^s  of  Goss  and  Griflin's  analysis  in  the  con- 
vwtional  way,  we  find  about  13  per  cent  sodium  Niloride  and  20  per 
cent  sodium  carbonate.     The  figures  an*  misleading,  for  they  depend 
upon  an  arbitrary  calculation  of  the  data  as  salts,  and  the  effect  of  the 
other  constituents  can  not  properly  be  ignored.     SimiUirly,  but  a  quali- 
tative comparison  can  be  made  from  the  data  obtained  by  us.     If  it 
may  be  assumed  that  the  leaves  and  stems  are  of  (Hiual  mass  in  the 
individual  plants  when  air  dried,  our  results  compare  (inite  well  with 
the  analyses  just  cited. 

Acknowledgments  are  due  Messrs.  F.  1).  Gardner  and  Atherton  Sei- 
dell for  assistance  in  the  experimental  work  described. 

SUMMARY. 

It  would  seem  as  a  result  of  the  experiments  described  in  this  paper 
that  in  certain  cases  at  least  a  transformation  of  neutral  salts  to  the 
corresponding  carbonates  through  the  agency  of  plant  growth  is  pos- 
sible and  even  probable,  and  that  this  factor  must  be  taken  under  con- 
sideration in  determining  the  value  and  use  of  such  plants.  Some 
tentative  suggestions  are  offered  as  to  the  disposition  of  t  he  mineral 
salts  in  plant  economy,  w-hich  it  is  hoped  will  lead  to  more  exhaustive 
investigations. 


BESISTANCE  TO  BLACK  ALKALI  BY  CEBTAIIT  PLANTS. 


By  Frank  K.  Cameron. 


INTRODUCTION. 


While  working  in  the  San  Joaquin  Valley,  California,  during  this 
past,  summer  one  of  th(»  field  x^nrties  of  the  Division  of  Soils  observed 
three  si)ecies  of  plants  which  appeared  to  be  eharaeteristic  growths  on 
soils  eontaining  mueh  "black  alkali"  or  sodium  carbonate.  Super- 
ficial examination  in  the  field  brought  out  the  fact  that  the  st(*ms  and 
leaves  of  these  three  plants  Mc^re  quite  acid,  in  some  cases  very 
markedh' so.  A  possible  connection  was  suggested  between  this  fact 
and  the  one  first  noted — that  these  plants  wei'e  all  found  on  soils  con- 
taining much  sodium  (tarbonate.  Specimens  were  coUecttnl  and  sent 
in  to  the  laboratorv  for  further  examination.  Thev  were  kindlv 
identified  by  Mr.  Kearney,  of  the  Division  of  Vegetable  Physiology 
and  Pathology.  They  consisted  of  three  samples  of  DisfichJis  spicata, 
iiumbei*ed  I,  II,  and  III;  one  sample  of  Sudcda  intermedia^  which  was 
separated  into  two  portions,  the  first  numbered  IV,  consisting  of  the 
stems  alone,  and  tiie  second  numbered  V,  being  composed  of  leaves 
alone;  one  sami)le  of  Afriplew  hnwfeosa,  which  was  also  separated  into 
a  portion  numl)ered  VI,  consisting  of  stems  alone,  and  a  portion  num- 
bered VII,  consisting  of  leaves  alone. 

Samples  I,  II,  and  III  were  tliorougiily  air  dried  by  being  allowed  to 
renfain  for  about  two  mont lis  in  the  sacks  in  w^hich  thev  were  received 
at  the  laboratory.  It  shouhl  be  stated  that,  a  rough  determination  of 
the  acidity  they  displayed  was  nmde  as  soon  as  they  were  received  in 
the  laboratorv,  and  the  results  agreed  fairlv  well  with  those  obtained 
by  the  more  careful  examination  subsequently  nmde. 

Samples  IV,  V,  VI,  and  VII  were  found  to  he  very  wet  and  in  seri- 
ous danger  of  fermenting  when  received  at  the  laboratory.  The}'  were 
therefore  placed  in  a  hot-air  oven  and  dri(Ml  for  several  days  at  from 
105°  to  110°C.  In  each  case  the  materiail  Avas  then  cut  into  small 
pieces  and  kept  in  carefully  covered  beakers,  to  which,  however,  the 
air  had  free  access. 

METHOD   OF   EXAMINATION. 

The  method  of  examination  was  in  all  cases  to  steep  the  sample, 
which  had  been  cut  into  small  pieces  about  a  centimeter  in  length, 
overnight  or  for  about  twenty  liours  in  a  convenient  amount  of  dis- 
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tilled  water.     About  GOO  cubic  centimeters  of  the  supernatant  solution 
was  then  decanted  through  a  folded  filter,  and  the  analytical  details 
carried  out  with  100  cubic  centimeter  portions  of  the  filtered  liquid. 
It  was  thought  probable  that  this  procedure  would  give  a  close  approxi- 
mation to  the  soluble  salt«  on  the  plant  or  held  in  its  tissues  in  the 
form  of  inorganic  salts.     The  acid  material  on  the  surface  of  the  plant 
was  evidently  quite  soluble  in  water.     It  was  concluded,  as  will  be 
shown  later,  that  it  was  an  organic  acid,  and  that  in  all  probability 
considerable  quantities  of  its  sodium  or  other  salts,  as  well  as  the  acid 
itself,  were  on  the  surface  of  tlie  plant  and  dissolved  in  the  water. 
The  amount  of  free  acid  was  determined  by  titrating  witli  a  solution 
of  potassium  hydroxide,  which  in  turn  had  been  carefully  standanl- 
ized  by  titration  against  a  twentieth  normal  (N/2())  solution  of  acid 
potassium  sulphate.  The  other  determinations  were  made  in  the  con- 
ventional way. 

DISTICHLIS   SPICATA. 
Table  XW.—Distichlis  spicata. 


Sample  I. 


Sample  II. 


Sample  III. 


I. 


Grams  of  material 

Cubic  ceDtlmeters  of  leachlngs 

Percentage  (mineral  matter)  leached 
out 

Cubic  centimeters  N/20  acid  equiva- 
lent to  1  gram  substance 


13.12 

750 

4.53 

yj.os 


!  35.35 

hSU) 

5.12 

1.16 


29.48 
1,500 

5.73 

2.48 


Percent-  Per  cent  Percent- 
in  air- 


I  age  dis 
'    tribu- 
tion. 


dried 
material 


ago  dis- 
'    tribu- 
tion. 


Per  cent 


in  air-      age  dis 
dried    \    tribu- 
materlal.      tion. 


Percent-  Percent 
in  air- 
dried 


material. 


Ca. 

K.. 
SO4 
CI.. 


5.02 

1  Hi 

41.30 

13.40 

4.38 

33.44 


0.254 
.084 

1.8«7 
.tJOO 
.198 

1.511 


CaS04 

CaCl^  . 

MgCfa- 

KCl... 

NaCl.. 

Na.... 


IW.OO 

10.48 
7.25 
26  52 
15.22 
35.34 


4.520 

.474 
.328 

l.l.'H 
.688 

1.598 


2.89 
1.17 

33.12 
9. 70 
4.69 

48.4:} 


I 


100.00 

6.(V4 

2.58 

4. 57 

18.49 

57  08 

10.64 


100.00 


4.520 


100.  U) 


0.148 
.060 

1.696 
.497  ; 
.240  I 

2.480 

5. 121) 

.340  , 

.234  ' 
.947 
'>  ()*»  I 

.545  ! 
5. 120  I 


3.25 

2.10 

27.24 

12.23 

2.72 

52.46 


0.186 
.1211 

1.561 
.701 
.156 

3.006 


100. 00 


3.83 
5.90 
8.20 
23.27 
62.08 
6.77 

100  00 


5.rao 

"7219 

.338 

.470 

1.333 

2.961 

.388 


730 


Table  XVll.—Stnl  {(f-12  inches)  in  ichich  Sample  I  of  Distichlis  «j>/c'a/a  uHntfomuJ, 


Per  cent. 


Ca  .* 
Mg... 
Na... 
K  .... 
SO4.. 
01.... 
CO,.. 
HCOa 


0.48 

.16 

33.77 

1.81 

5.44 

8.(» 

22.63 

27.  ft') 

100.  (R) 


Per  ceut. 


CaS04 1.60 

MgS()4 1  .75 

Na2S04 5.50 

KCl '  3.47 

NaCl 10.73 

NajCOj ;  39.96 

NaHCOs j  38,00 

lOOOO 
Percentage  soluble,  1  gram  soil  to  20  i 

cubic  centimeters  water 3.75 
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The  analytical  data  obtained  from  an  examination  of  the  DistichUs 
spicata — Samples  I,  II,  and  III — are  given  in  Table  XVI.  The  most 
striking  point  bronght  ont  is  the  verj'  large  amount  of  acid  shown  to 
be  on  Sample  I,  amounting  for  1  gram  of  the  air-dried  material  to 
the  equivalent  of  23  cubic  centimeters  of  a  twentietli  normal  (N/20) 
acid.  This  substance  was  unquestionably  an  organic  acid  and  a 
fairly  strong  one.  It  did  not  appear  to  act  on  crystals  of  calcite  very 
readily.  This  might  have  been  due,  however,  to  the  formation  of  a 
slij^htly  soluble  lime  salt,  which  would  protect  the  calcite  from  the 
solvent.  The  acid  very  readily  decomposed  the  alkali  carbonates  and 
neutralized  not  only  ammonium  hydrate  but  potassium  or  sodium 
hydroxide  in  the  presence  of  cochineal  or  phenolphthalein  as  indi- 
cator. It  will  \h}  seen  by  referring  to  the  analytical  figures  that  a 
large  amount  of  sodium  is  left  after  balancing  the  aci<ls  by  the  bases 
found.  Tliis  would  seem  to  find  its  readiest  explanation  in  supposing 
that  there  was  a  much  greater  quantity  of  the  organic  acid  on  the 
plant  than  indicated  by  the  equivalent  of  23  cubic  centimeters  of 
twentieth  normal  acid,  but  present  in  the  form  of  the  sodium  or  other 
salts.  By  referring  to  the  analysis  (Table  XVII)  of  the  soil  from  which 
this  Sample  I  oi  DistichUs  syicatawns  taken,  it  will  be  seen  that  there 
was  relatively  a  very  large  amount  of  soluble  carbonates  present, 
about  2  per  cent  of  the  soil  being  composed  of  these  substances — an 
amount  which  would  absolutely  prohibit  the  growth  of  any  ordinary 
plant,  even  though  much  of  the  salt  was  in  the  form  of  bicarbonate. 
Much  of  this  material  probably  came  in  contact  with  the  grass  leaves, 
in  the  form  of  dust  or  otherwise,  with  the  result)  that  the  acid  decom- 
posed the  carbonates  with  the  formation  of  salts  of  the  organic  acid. 
These  same  views  seem  to  hold  for  Samples  II  and  III  as  well,  but  to 
a  lesser  extent,  as  is  shown  by  the  quantitative  measuiximents  given. 

It  would  appear  from  what  could  be  learned  in  the  field  that  this 
grass,  in  the  locality  from  which  Samples  II  and  III  were  taken,  often 
carries  as  much  of  the  acid  material  as  Sample  I  shows,  or  even  more. 
Unfortunately  for  this  investigation  the  most  favorable  season  for 
secfuring  sami)les  had  passed  before  Samples  II  and  III  were  gathered 
and  sent  in.  This  subject  will  receive  more  care^ful  attention  during 
another  field  season. 

ISOLATION    AND   IDENTIFICATION   OP   ACID   EXUDATION. 

Careful  attempts  were  made  to  isolate  or  at  least  to  identify  this 
organic  acid,  but  the  attempts  proved  unavailing  for  several  reasons. 
But  veiy  little  material  was  at  command  when  the  investigation  was 
taken  up.  The  relatively  large  amounts  of  inorganic  salts  obtained 
in  the  water  extracts  could  not  l)e  well  separated  and  presented  great 
analytical  difficulties  in  the  attempts  to  isolate  so  small  a  quantity  of 
the  acid  as  was  at  our  disposal.  Attempts  to  crystallize  the  material 
from  solution,  either  as  the  acid  itself  or  as  a  salt,  i)roved  disastrous 
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on  account  of  the  rapi<l  an<l  abundant  irrowth  of  funjifi  in  the  solution 
when  evaporation  of  the  solvent  at  ordinary  teinpei'atures  was 
attempted.  Tlie  solutions  of  the  material  faile<l  to  give  any  reactions 
by  which  it  could  be  identifie<l  as  one  of  the  simpler  and  better-known 
organic  acids.  For  these  I'easons  efforts  to  identify  it  were  abandoned 
temporarily  and  further  work  on  it  i)ostponed  until  a  time  when  a 
larger  amount  of  the  material  could  l>e  obtained.  It  is  t*onfidenth' 
believed  that  the  experien(*e  thus  far  gained  will  insure  a  suc(*essfnl 
issue  to  the  next  attempt  in  this  direction. 

•    HYDROSCOPIC  SALT   ON    THE   PLANT   SURFACK. 

The  analvtical  results  would  indicate  tliat  calcium  chloride  as  such 
was  on  the  grass,  but  if  present  no  signs  of  it  were  observed  on  tire 
air-dried  material.  Tlu^  samples  were  all  Ihoro uglily  dry  and  not  the 
least  evidence  of  any  deliquescent  substance  on  the  surface  was 
ai)parent.  It  sliouM  Ik^  remembered,  however,  that  the  evideiun* 
obtained  in  the  examination  of  the  organic  acid  indicated  that  the 
calcium  salt  was  much  h»ss  soluble  than  the  sodium  or  potassium  snlt. 
In  all  probability  the  greater  part  <Tf  the  calcium  in  combination  in 
the  solid  phase  and  not  in  the  form  of  calcium  sulphate  was  present 
as  the  calcium  salt  of  the  organic  acid;  and  the  greater  part  of  the 
sodiinu  which  was  assumed  above  to  be  in  combination  M'ith  tlie 
organic  acid  was  in  reality  in  combination  with  the  chlorine,  whieb 
the  analvsis  as  ?>tat(^<l  assunu\s  to  be  combined  witli  calcium. 

On  the  other  hand,  it  has  bet^n  noticed  that  this  gra*<s  when  grow- 
ing in  the  field  is  fre([ueutly  covere<l  witli  a  moist,  sticky  substance, 
wliich  there  is  reason  to  Ix^lieve  is  caus(»d  by  moisture  absorlKHl  from 
the  air  by  the  salts,  but  only  in  sufiicient  (luantity  to  partially  dis- 
solve them,  makinga  paste  or  gummy  mixtun^  So  that  it  is  not  so 
improbable  that  calcium  chloride*  is  sometimes  formed  and  is  to  be 
found  as  such  on  the  living  plant. 

SKLKCTIVE    AKSOKPTION   OF   SOU.   CONSTITl'l  NTS. 

Another  point  brought  out  very  strikingly  by  an  examination  of  the 
analyst^s  is  the  relatively  large  amounts  of  both  calcium  and  potassium 
found  in  the  leachings  from  the  plants,  when  the  proportion  of  these 
elements  in  the  water-soluble  i)ortion  of  the  soil  is  considered.  These 
facts  might  possibly  find  an  explanation  in  part  in  the  lesvser  solu- 
bility of  the  calcium  and  potassium  salts  of  the  organic  acid  and  the 
accmnulation  of  such  salts  forrne<l  by  contact  of  dust  from  the  soil 
with  the  acid.  But  such  reasoning  does  not  afford  an  explanation  of 
tlie  enormously  increased  ratio  between  tlie  clilor  ions  and  the  suli)h 
ions  found  in  the  plant  leachings  as  comi)ared  with  i\w  ratio  of  these 
substances  in  the  soil.  The  relative  absorptive  powers  of  the  plant 
for  these  various  constitu<*nts  are  pi()i)ai)ly  the  controlling  factoids. 
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It  would  soeni  desirable  to  give  earnest  attention  to  this  subject 
with  plants  j?i*own  under  careful  supervision  in  the  fiehl  or  hiboratory, 
as  the  evidence  here  presented  indicates  that  the  removal  or  cropping 
of  these  plants  for  any  purpose  would  result  in  taking  from  the  soil 
enormous  quantities  of  desirable  plant  food  and  the  consequent  raising 
of  the  proportion  of  undesirable  elements  in  th(»  soil. 

FUNCTION   OF  THE   ACID   EXUDATION. 

AVhen  the  large  amounts  of  soluble  carbonates  found  in  the  soils 
upon  which  these  plants  grow  are  considered,  and  wIkmi  the  disas- 
trous corrosive  ai^tion  of  this  substance  is  reinemb(»red,  the  produc- 
tion of  the  strong  organic  acid  b}' the  plant  seems  a  wise  protective 
measure  of  nature.  The  tendency  of  sodium  carbonate  to  outstrip 
other  salts  in  accumulating  in  the  very  toj)  layers  or  crusts  of  a  soil 
and  there  corroding  the  root  crowns  of  plants  has  been  frequently 
noted  by  all  investigators  of  alkali  problems.  It  would  seem  that 
this  oi'gani(»  aci<l  is  produced  by  the  plant  in  the  manner  most  favor- 
able to  its  being  brought  into  contact  with  the  surface  sodium  car- 
l)onate,  i)artly  converting  this  latter  to  the  sodium  salt  of  the  acid 
and  partly,  in  all  probability,  to  sodium  bicarboiuite,  which,  there  is 
strong  reason  for  l)elieving,  is  not  itself  so  harmful  to  i)laiit  growth 
as  the  normal  carbonate.^ 

I'irOSPHORUS   IN   THE   PT.ANT. 

In  the  attempts  to  identify  the  oi-ganic  acid  on  Sample  I,  Disfir/dis 
sj^irctUf,  some lea^'.hings  were  obtained  which  contained  a  small  amount 
of  organic  matter  mechanically  suspended,  as  well  as  some  in  solution. 
Thev  were  allowed  to  stand  for  several  davs  in  an  Erlenmcver  flask, 
the  mouth  of  which  wms  covered  with  an  inverted  beaker.  A  rapid 
and  voluminous  growth  of  fungi  was  observed.  On  filtering  off  a 
small  portion  of  the  solution  after  it  had  been  standing  a  day  or  two 
a  decided  though  small  amount  of  phosphoric  acid  was  shown  to  be 
present.  No  trace  of  this  sul)stance  was  found  in  freshly  prepared 
leachings  of  the  plant.  It  would  seem  pi-obable  that  it  was  formed 
as  a  result  of  the  action  of  organisms  either  upon  dissolved  organic 

'  The  especially  pernicions  effect  on  plants  of  carbonate  of  sodium  is  in  all  prob- 
ability due  to  the  fact  that  this  salt  readily  hydrolizes  in  water  with  the  formation 
of  considerable  amounts  of  sodium  hydroxid  •,  and  it  1 ;  this  latter  substance  which 
is  in  reality  responsible  lor  its  great  destructive  power.  Sodium  bicarbonate  or 
hydrogen  carbonate,  Na-HCOjj,  might  be  expected  to  hydrolize  to  some  extent 
also,  being  composed  of  a  strong  base  in  combination  with  a  weak  acid:  this  would 
be  equivalent  to  a  i)artial  inversion  to  the  normal  carbonate.  But  in  the  presence 
of  80  much  carbon  dioxide  as  is  present  in  soils  this  inversion  to  the  normal  car- 
bonate would  be  greatly  retarded  or  altogether  prevented.  The  normal  disso. na- 
tion of  the  hydrogen  carbonate  would  then  be  very  small  indeed  and  any  chemical 
activity  of  the  compound  depending  on  the  formation  of  ions  would  be  corre- 
spondingly small. 
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matter  in  the  leachings  or  perhaps  upon  the  organic  matter  mechan- 
ically suspended  in  the  solution.  From  lack  of  material  it  was  not 
possible  to  determine  the  amount  of  phosphorus  in  the  plant,  but  the 
qualitative  observations  cited  would  indicate  that  it  was  present  in 
considerable  amount.  It  should  be  ol>served  that  it  was  a  constituent 
of  the  readily  water-soluble  portion  of  the  soil  from  which  the  plant 
was  taken  in  very  small  amounts,  if,  indeed,  it  were  present  at  all. 
Attempts  to  detect  it  by  the  phosphomolybdate  method  failed  to  show 
a  trace.  The  remarkable  ability  of  this  plant  to  take  from  the  soil 
solutions  the  mineral  constituents  it  needed,  in  the  presence  of  the 
enormous  excess  of  other  readily  soluble  substances,  is  brought  out 
very  strikingly  in  this  connection. 

For  the  reasons  here  presented  it  would  seem  that  this  plant  is 
worthy  of  the  serious  consideration  of  the  botanist  and  physiologist, 
and  is  undoubtedly  of  very  great  economic  importance. 

ASH   ANALYSES. 

Ash  analyses  of  all  the  plants  considered  in  this  paper  were  made, 
in  the  hope  that  some  conclusions  might  be  drawn  as  to  the  inorganic 
materials  in  the  plants  themselves,  and  as  to  how  much,  relatively, 
was  capable  of  being  removed  by  leaching.  These  analyses  will  not, 
however,  be  presented,  for  it  is  obvious  that  they  have  no  value  what- 
ever for  the  purposes  here  indicated.  The  mixture  of  salts  on  the 
plants  was  so  large  in  amount,  and  fused  at  so  low  a  temperature,  that 
it  quickly  coated  the  organic  matter,  so  that  it  was  necessary  to  heat 
to  a  very  high  temperature  and  thoroughly  stir  the  mixture  to  obtain 
anything  like  a  thorough  combustion  of  the  organic  material.  This 
resulted  in  a  very  great  loss  of  the  salts  by  volatilization,  sodium 
chloride  and  potassium  chloride  being  especially  important  in  this 
connection.  Further,  the  burning  of  either  sulphates  or  chlorides  of 
the  alkalies  with  organic  materials  necessarily  means  the  more  or  les^s 
complete  volatilization  of  the  sulphur  and  chlorine,  respectively,  and 
the  formation  of  the  corresponding  alkali  carbonates,  a  point  often 
overlooked  in  the  consideration  of  ash  analyses.  As  a  consequence 
of  these  factors,  the  results  obtained  would  certainly  be  misleading. 
It  would  appear,  from  the  analyses  of  the  ashes  of  the  plants  we  are 
considering,  that  much  more  of  these  soluble  mineral  constituents 
can  be  leached  from  the  plants  than  the  plants  ever  contained, 
which  is  an  obvious  absurdity.  For  this  reason  it  does  not  seem  worth 
while  to  give  these  ash  analyses  any  further  consideration. 


^ 
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SUAEDA  INTERMEDIA  AND  ATRIPLEX  BRACTEOSA. 
Table  XVIIL — Stiaeda  intermedia. 


OramB  of  substance 

Cubic  centimeters  of  leachiagB 

Percentage  (mineral  matter)  leached  out 

Cubic  centimeters  N/20  acid,  equivalent  to  1  gram  sub 
stance 


Sample  IV- 
Stems. 


7.61 
750 
14.78 

.84 


Per- 
centage 
distribu- 
tion. 


Ca  .... 
Mg.... 
Na„.. 

K 

SO4... 
CI 

CaS04 
CaCl«. 

NaCL. 
Na.-.. 


0.48 
.75 

42.36 
7.20 
1.43 

47.78 


Percent- 
age in 


Sample  V- 
Leaves. 


14.35 
750 
23.80 

2.67 


Per- 
centage 


stance. 


100.00 


1.62 

.00 

2.66 

.a5 

13.71 
64.84 
16.82 


100.00 


0.071 
.111 

6.239 

1.060 
.211 

7.088 


tion. 


Percent- 
age in 

air-dried 

sub- 
stance. 


14.730 


0.15 

.72 

56.18 

4.52 

.87 

37.56 


0.036 

.170 

13.375 

1.075 
.206 

8.938 


100.00 


23.800 


.239 

.51 

.000 

.00. 

.392 

2.35 

.057 

.64 

2.015 

8.61 

9.551 

52.33 

2.476 

35.66 

14.730 

100.00 

.131 
.000 
.559 
.152 

2.049 
12.456 

8.463 


23.800 


Table  XIX. — Atriplex  bracteosa. 


Grams  of  substance 

Cubic  centimeters  of  leachings 

Percentage  ( mineral  matter)  leached  out 

Cubic  centimeters  N/20  acid,  equivalent  to  1  gram  sub 
stance 


Sample  VI- 
Stems. 


21.49 
750 
4.4S 

1.19 


Per- 
centage 
distribu- 
tion. 


Ca.... 
Mg... 
Na.... 

K 

8O4-.. 
CI 

CaS04 

CaCU . 
MgCl. 

?r! 

NaCl.. 
Na.... 


2.32 
2.05 

37.79 
7.90 
4.10 

45.84 


100.00 


Percent- 
age in 

air-dried 

sub- 
stance. 


0.104 
.092 

1.693 
.354 
.184 

2.053 


4.480 


Sample  VII— 
Leaves. 


17.79 
750 
10.24 

3.61 


Per- 
centage 
distribu- 
tion. 


Percent- 
age in 

airdried 

sub- 
stance. 


0.39 
3.36 

41.30 
5.39 
6.60 

42.96 


100.00 


6.80 

.260 

L74 

.078 

8.03 

.360 

.00 

.000 

15.08 

.673 

52.18 

2.35W 

17.22 

.771 

100.00 

4.480 

1.33 

.00 

7.57 

7.08 

10.27 

53.56 

20.19 


100.00 


0.040 
.344 

4.229 
.552 
.676 

4.399 


10.240 


.136 

.000 

.  no 

.725 

1.052 

5.485 

2.067 


10.240 


In  Tables  XVIII  and  XIX  are  found  the  data  obtained  from  an 
examination  of  the  Saaeda  intermedia  and  Atriplex  bracteosa,  respec- 
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tively.  For  the  puri)08e8  of  this  pax)er  they  may  very  well  be  discussed 
together.  Both  analyses  show  the  prodnction  by  the  plants  of  an 
organic  acid  or  acids  strong  enough  to  decompose  alkali  carbonates; 
and  that  to  some  extent  salts  of  this  acid  or  acids,  as  well  as  the  acids 
themselves,  accumulate  on  the  plants.  In  both  plants  this  acid  organic 
material  is  accumulated  on  the  leaves  rather  than  the  stems,  a  situa- 
tion which  would  seem  more  favorable  for  its  being  brought  into  con- 
tact with  the  alkali  carbonates  on  the  surface  of  the  ground. 

The  accumulation  of  considerable  amounts  of  potassium  is  again  a 
noteworthy  feature  with  these  species.  In  both  cases  thei'e  is  an 
apparently  greater  proportion  of  potassium  in  the  water-soluble  por- 
tions of  the  stems  than  in  the  leaves,  when  considered  in  relation  to 
the  other  elements  present;  but  when  considered  in  relation  with  the 
air-dried  material  as  a  whole,  the  amount  of  potash  is  alx)ut  the  same 
in  both  leaves  and  stems  for  each  of  these  plants. 

In  the  case  of  the  stems  of  Atriplex  hracfeosa  the  conventional  state- 
ment  of  the  analytical  results  as  salts  would  indicate  the  presence  of 
calcium  chloride  as  such,  and  on  the  stems  and  leaves  of  both  the 
Suaeda  intermedia  and  Atriplex  bracf-eosa  considerable  amounts  of 
magnesium  chloride  are  indicated.  That  these  salts  were  actually 
present  as  such,  however,  is  negatived  by  the  fact  that  the  air-dried 
samples  did  not  in  any  case  show  tlie  presence  of  any  notably  deli- 
quescent substance  on  their  respective  surfaces  after  being  dried  in 
the  oven.  The  conventional  method  of  statement  is  again  misleading, 
as  in  the  case  of  the  Diiitichlis  spiada^  discussed  above. 

SUMMARY. 

From  the  facts  which  have  been  j) resented  in  this  paper  the  follow- 
ing conclusions  seem  justified:^ 

1.  That  the  plant  species  here  considered  can  make  a  satisfac- 
tory growth  on  soils  containing  relatively  large  amounts  of  soluble 
carbonates. 

2.  That  this  satisfactory  growth  is  probably  due,  in  large  measure 
at  least,  to  the  production  and  exudation  by  these  plants  of  consider- 
able amounts  of  soluble  organic  acids  capable  of  decomposing  soluble 
carbonates,  and  thus  protecting  the  root  crowns  from  the  corrosive 
action  of  hydrolized  alkalies. 

3.  That  it  appears  certain  that  large  quantities  of  the  most  valuable 
plant  foods  are  removed  from  the  soil  by  these  plants,  and  that  in  s^ny 
contemplated  use  of  them,  involving  their  cropping  or  removal  from 
the  soil,  this  factor  merit»s  earnest  consideration. 


'Acknowledgment  is  dne  Mr.  Atherton  Seidell  for  assistance  in  making  the 
analyses  presented  in  this  paper. 
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ABGENTINE  TERMS,  WEIGHTS,  AND  MEASURES  T7SED  IN  THIS 

BTTLLETIN. 

Metric  stotem. — The  metric  system  of  weights  and  measures  is  used  exclusively 
in  Argentina,  except  that  certain  local  terms  are  still  somewhat  in  use,  but  not 
officially. 

Money. — Unless  otherwise  stated,  expressions  of  value  used  herein  have  been 
converted  into  United  States  money.  The  Argentine  gold  dollar,  or  peso,  is  worth 
96.5  cents  in  United  States  money.  The  Argentine  paper  dollar,  in  common  use,  is 
worth  about  44  cents. 

Kilo. — The  short  word  for  kilogram,  the  metric  weight  equal  to  2.2046  pounds 
avoirdupois. 

Hectoliter. — A  metric  measure  of  capacity  equal  to  3.531  cubic  feet,  or  2.8377 
bushels,  or  one-tenth  of  a  cubic  meter.  It  is  the  standard  used  to  express  the 
specific  weights,  and  thereby  the  quality,  of  grain. 

Ton. — ^The  metric  ton  is  equal  to  2,204.6  pounds  avoirdupois,  or  39.36  bushels  of 
shelled  com. 

Quintal. — 100  kilos,  or  220.46  pounds. 

Meter. — 39.37  inches. 

Kilometer. — 0.621  mile. 

Hectare. — 2.471  acres. 

Square. — 4.17  acres. 

League. — 6,672  acres. 

Chacra. — A  farm  devoted  exclusively  to  agriculture. 

Chacarero. — A  man  who  works  a  farm  to  raise  crops. 

EsTANCiA. — A  stock  ranch. 

EsTANCiERO. — A  man  who  owns  an  estancia,  and  generally  the  one  who  operates  it. 

Patron. — ^The  proprietor,  the  owner  of  the  land  rented  to  "colonists;"  the 
employer  of  labor,  or  the  head  of  the  establishment  on  any  kind  of  a  farm. 

Colonist. — A  renter  of  land  for  agricultural  purposes,  usually  a  foreigner,  hence 
the  term. 

Camp. — The  term  generally  applied  to  the  country,  derived  from  the  Spanish  word 
'^c^rapo,"  meaning  country.  It  has  another  meaning,  applied  to  the  land  or  pas- 
tures.   A  man  will  say,  for  instance:  *'My  camp  is  in  good  condition.** 

Troja. — Corresponds  to  our  com  crib.  It  is  made  by  setting  strong  poles  in  the 
ground  and  weaving  canes  and  com  stalks  through  them  to  make  a  circular  crib,  to 
hold  com  in  the  ear.  Being  loosely  made,  air  can  pass  through  the  com.  Some- 
times it  is  covered,  but  more  often  not. 

Canaletas. — Chutes,  made  in  sections  and  hung  on  wire  cables  stretched  from 
warehouses  on  the  high  banks  of  the  Parana  River  to  the  ships  lying  in  the  stream 
l^low.  Ships  drawing  26  feet  of  water  could  be  loaded  in  Kosario  and  other  ports 
in  this  manner  at  trifling  expense,  but  they  can  not  load  to  more  than  18  feet,  as  a 
rule,  because  of  the  bars  in  the  river  below.  Besides  the  temporary  canaletas,  on 
ca))1e8,  permanent  chutes  for  the  same  purpose  are  also  built  on  the  banks  all  along 
the  river.  Bags  of  grain,  yerba,  or  flour,  bales  of  hay,  tobacco,  dried  meat,  and 
other  cargo  slide  into  the  ships  in  this  manner  at  small  cost.  This  economical 
method  will  all  }ye  done  away  with  in  Rosario  when  the  new  port  is  built,  hence 
shippers  are  planning  to  go  elsewhere. 
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U.  S.  Department  of  Agkiculture, 

Bureau  of  Animal  Industry, 
Washington^  D>  C.^  November  25^  1903, 

Sir:  I  have  the  honor  to  submit  herewith  a  report  upon  the  pro- 
duction of  Indian  corn  in  Argentina  and  its  exportation  from  that 
country.  The  investigation  from  which  this  report  comes  originated 
in  some  inquiries  addressed  to  me  in  December,  1901,  by  Mr.  Frank 
H.  Hitchcock,  then  Chief  of  the  Division  of  Foreign  Markets  of  this 
Department.  It  was  found  profitable  and  necessary  to  a  full  under- 
standing of  the  subject  to  enlarge  the  investigation  so  as  to  include 
the  methods  of  production  as  well  as  the  manner  of  exportation.  The 
climate  of  Argentina  also  is  a  subject  of  interest  in  this  inquiry,  and  a 
careful  statement  of  climatic  conditions,  with  comparisons  with  the 
United  States,  is  presented.  Two  weather  maps,  one  showing  the 
annual  isothermal  lines  and  the  other  the  distribution  of  rainfall,  will 
serve  to  illustrate  the  statement. 

The  map  of  the  corn  district  of  Argentina  accompanying  this  report 
gives  the  railway''  lines  and  rivers  by  which  the  surplus  corn  crop  of 
the  country  is  moved  for  export. 

The  information  here  presented  will,  I  believe,  be  useful  to  many 
farmers  and  business  men,  and  I  suggest  that  it  be  printed  as  one  of 
the  reports  of  this  Department. 

Acknowledgment  should  be  made  for  generous  and  valuable  cooper- 
ation of  officials,  grain  men,  and  farmers  in  Argentina  in  the  prosecu- 
tion of  this  inquiry.  Among  the  many  who  were  of  assistance,  special 
acknowledgment  and  thanks  are  due  to  Senor  Don  Ronaldo  Tidblom, 
director  of  agriculture  and  animal  industry;  Mr.  Russell  Smith, 
inspector  of  hay,  etc.,  for  the  British  Government,  now  at  the  head 
of  the  commercial  grain  and  hay  inspection  service  for  export  from 
Rosario,  Buenos  Aj-res,  Bahia  Blanca,  and  other  places;  Mr.  J.  Collett- 
Mason,  estanciero  of  San  Jose  de  la  Esquina,  Province  of  Santa  Fe; 
Senor  Eduardo  E.  Brett,  Pehuajo;  Mr.  W.  S.  Martin,  Rosario;  Mr. 
W.  G.  Davis,  director  of  the  national  weather  bureau,  and  Mr.  H.  B. 
Coffin,  Carcarana. 

Respectfully,  Frank  W.  Bicknell, 

Special  Agent  and  Agricultural  Explorer. 

Hon.  James  Wilson, 

Sec7'etat*y. 
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INDIAN  CORN  IN  ARGENTINA:  PRODUCTION 

AND  EXPORT. 


INTBODVCTION. 

[For  Argentine  terms,  weights,  meamres,  etc.,  see  back  of  title  page.] 

The  methods,  or  lack  of  methods,  in  growing  and  harvesting  Indian 
corn  in  Argentina  have  a  great  influence  on  the  success  of  the  export- 
ing business.  All  these  differ  widely  from  our  own  methods,  even 
more  than  Argentine  corn  differs  from  ours.  But  progress  is  to  be 
expected  in  Argentine  corn  growing,  which  is  now  a  separate  occupa- 
tion, not  usually  carried  on  by  one  man  in  connection  with  other  crops. 
More  and  better  home  use  is  likely  soon  to  be  made  of  the  corn  they 
produce  there,  and  instead  of  sending  the  greater  part  of  the  increas- 
ing crop  out  of  the  country,  Argentina  will  in  the  near  future  use 
much  of  its  surplus  corn  to  fatten  cattle  and  hogs  for  domestic  con- 
sumption and  for  export. 

THE   CORN   AREA   OF  ARGENTINA. 

In  1902  the  area  reported  planted  in  corn  in  the  entire  Argentine 
Republic  was  4,433,686  acres,  but  of  this  3,963,897  acres  were  in  the 
four  provinces  of  Buenos  Aires,  Santa  Fe,  Cordoba,  and  Entre  Ilios, 
chiefly  in  the  first  two  named.  (See  PI.  I.)  The  area  within  which 
com  is  now  grown  successfully  and  as  a  serious  business  is  roughly 
bounded  by  a  line  drawn  around  points  distant  from  the  city  of  Buenos 
Aires  about  as  follows:  To  the  south  225  miles  and  to  the  west  250 
miles,  all  in  the  Province  of  Buenos  Aires;  to  the  northwest  325  to  350 
miles,  into  the  Provinces  of  Santa  Fe,  and  Cordoba,  and  to  the  north 
350  miles,  into  the  Province  of  Entre  Bios.  Still,  a  great  majority  of 
the  best  corn  is  grown  within  a  much  smaller  area  than  this — within 
75  to  150  miles  of  the  Parana  River  and  within  the  same  distance  of 
either  Buenos  Aires  or  Rosario,  the  chief  corn  markets. 

Outside  the  corn  district  just  outlined,  for  100  miles  or  more  to  the 
south,  west,  and  north,  corn  is  raised  and  will  be  raised  in  increasing 
quantities  every  year.  Many  parts  of  the  great  Territories  of  the 
Pampa  and  Neuquen,  to  the  southwest,  and  of  the  Province  of  San 
Luis,  to  the  west,  are  showing  unexpected  agricultural  value.  Land 
in  San  Luis  and  northern  Pampa  has  had  a  tremendous  V)oom  during 
the  past  year,  being  wanted  chiefly  for  alfalfa  pastures  on  which  to 
fatten  cattle. 
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The  cultivation  of  corn  is  a  settled  business  in  only  a  few  localities 
where  the  greatest  yields  are  secured.  Otherwise  it  is  unsteady  and 
uncertain,  depending  upon  the  whims  of  large  landowners  who  may 
decide  to  "  colonize  their  camp  with  maize" — that  is,  plow  up  the  pas- 
tures and  put  the  land  into  corn,  or  turn  out  the  wheat  raisers  and 
bring  in  corn  raisers. 

Wheat  growing  is  going  south,  leaving  the  Province  of  Santa  Fe, 
where  it  was  first  introduced,  and  is  being  succeeded  by  alfalfa,  corn, 
and  stock  raising.  This  is  extending  more  and  more  to  the  north, 
where  colonists  have  been  slow  to  believe  the}'  could  grow  corn  suc- 
cessfully. One  obstacle  in  the  way  of  the  country's  development  is 
that  the  farmers  or  '^  colonists"  are  not  progressive,  being  mostly  veiy 
illiterate  persons,  who  never  did  any  farming  before  they  came  to 
Argentina.  They  do  not  read  and  are  very  slow  to  make  any  experi- 
ments or  adopt  anything  new.  So  it  is  not  always  easy  to  get  colo- 
nists who  have  had  any  experience  in  corn  raising  to  put  in  the  first 
crop.  Very  low  rents  and  favorable  conditions  are  offered  at  firet  to 
get  colonists  to  show  what  can  be  done  with  the  land.  In  other 
words,  corn  raising  in  Argentina  is  still  in  the  experimental  stage, 
with  its  possible  extent  and  impoilance  very  imperfectly  realized. 

Most  of  the  corn  grown  in  Argentina  is  raised  north  of  latitude  36 
south  and  largely  in  latitudes  35  to  33  south,  while  the  corn  belt  of 
the  United  States  is  in  latitudes  38  to  42  north — that  is,  the  best  culti- 
vated corn  region  of  Argentina  ends  now  at  a  point  more  than  1(X) 
miles  nearer  the  equator  than  that  of  the  ITnited  States  begins. 
There  are,  to  be  sure,  marked  climatic  differences  in  the  corn  regions 
of  the  two  countries.^'  Most  of  the  temperate  zone  in  Argentina 
south  of  latitude  36  south  is^  considered  too  dry  for  corn,  but  this 
claim  is  not  well  established.  Superior  wheat  is  grown  there,  and 
already  it  has  been  found  that  in  some  parts  at  least  corn  nmkes  a 
good  showing. 

With  the  present  prospect  that  Argentines  will  soon  begin  to  feed 
corn  to  cattle,  that  they  will  have  hogs  to  fatten  in  the  same  way,  and 
that  the  methods  of  corn  production  will  improve,  it  is  reasonable  to 
expect  that  the  production  of  corn  will  continue  to  increase  very  rapidly 
in  Argentina.  The  profits  of  corn  raising  are  sufficient,  as  the  condi- 
tions and  markets  now  are,  to  satisfy  the  man  who  works  and  plans  as  he 
should.  If  the  additional  inducements  of  profit  from  feeding  and  the 
good  results  of  better  culture  are  made  clear  to  him,  he  may  be  confi- 
dently expected  to  take  advantage  of  the  rich  opportunities  presented 
by  the  fertile  soil  of  Argentina.  The  exportation  will,  after  a  few 
j^ears,  not  increase  in  proportion  to  the  increased  production.  Feed- 
ing may  be  expected  to  cx)nsume  an  increasing  quantit3\ 

«See  p.  10,  under  heading  "Climate  of  Argentina." 
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PROSPECTIVE   INCREASE   OF  SMALL   FARMS. 

Hardly  any  one  thing  has  interfered  more  with  the  development  of 
the  Argentine  Republic  than  the  fact  that  most  of  the  good  land  has 
been  parceled  out  to  a  few  favorites,  at  various  times,  in  immense 
tracts.  Until  recently  it  has  been  difficult  for  a  poor  man  to  get  a 
small  tract  of  land  for  his  actual  use  and  occupation.  He  could  rent, 
but  he  could  not  own.  This  is  gradually  changing,  though  a  vast 
portion  of  the  country  is  still  owned  in  large  blocks  by  men  who  are 
doing  nothing  to  develop  it  and  will  not  sell  at  reasonable  prices  to 
those  who  will.  The  land  pays  them  handsome  incomes  for  grazing 
and  they  prefer  to  hold  it  for  higher  prices.  But  as  the  country 
grows  older  families  and  estates  divide  more  than  formerly.  Many 
colonies  have  been  established  and  some  of  the  big  land  companies  and 
farming  companies  are  selling  off  their  land  in  small  parcels.  This  is 
being  done  with  the  great  Curamalan  property  of  300  leagues,  or  over 
2,000,000  acres,  owned  by  an  English  company  which  secured  the 
land  thirty  or  forty  years  ago  from  the  Government  at  a  very  low 
price  under  an  agreement  to  stock  and  operate  it. 

Mixed  farming,  as  practiced  in  the  United  States,  is  almost  unknown. 
But  the  country  is  developing  in  that  direction  as  land  increases  in 
value.  It  is  generally  stated  and  believed  that  small  owners  are 
gradually  becoming  more  numerous,  as  sales  of  lands  and  other  evi- 
dences, especially  systematic  colonizing,  indicate  it.  It  is  not  sup- 
ported bj^  published  statistics,  however. «  The  need  and  benefit  of 
having  farmers  who  own  their  land,  propose  staying  in  one  place 
permanently,  and  have  an  interest  in  the  country  is  being  better 
understood  every  year. 

fl  Statistics  published  each  year  by  the  Argentine  Department  of  Agriculture  give 
the  number  of  cereal  farmers  classified  as  to  renters  and  owners.  The  information 
upon  which  these  statistics  are  based  comes  from  the  thrashing-machine  operators, 
and  is  no  doubt  incomplete  and  only  approximately  accurate.  It  probably  has  not 
included  anything  like  all  the  corn  raisers,  but  it  is  suggestive  of  the  relative  numbers 
of  renters  and  owners.  Condensed  and  compared  with  the  farm  statistics  of  the 
United  States  Census  of  1900,  these  statistics  show  for  four  years  as  follows: 


1S98-99. 

1899-1900. 

1900-1901. 

18,815 

14,715 

5,637 

1901-02. 

U.  S.  Census, 
1900. 

Owners 

18,415 

15,690 

6,284 

16,018 

14,290 

5.100 

13,060 

18,819 

5,465 

3,713,371 

752.920 

1,273,366 

Cosh  renters 

Share  renters 

Total  farms  reported 

36,389 

84,403 

84.067 

37,344 

5,739,(»7 

Percentage  of  owners 

87.91 

43.64 

40.55 

34.97 

64  69 

Tiie  statistics  for  1901-02  are  not  quite  complete,  having  l)een  published  before  the 
last  of  the  reports  had  been  received,  so  the  number  for  that  year  should  be  slightly 
incieased. 
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IMMIGRATION. 

The  Government  is  very  willing  to  encourage  and  assist  immigration 
and  colonization,  in  many  practical  ways.  Owing  to  causes  which 
they  are  now  trying  to  study  out,  immigration  has  fallen  oflF  during 
the  past  year  or  two,  and  often  the  monthly  balance  is  against  the 
country — more  going  out  than  coming  in.  Many  reasons  are  assigned 
for  this  condition  of  affairs.  Complaint  is  made  that  the  administi*a- 
tion  of  justice  is  not  what  it  should  be,  especiall}'  in  the  countr}^  and 
that  a  poor  foreigner  has  not  much  chance;  that  he  is  likely  also  to  be 
burdened  with  oppressive  taxes.  Many  Italians  come  to  the  country 
to  work  a  few  months,  in  the  harvest,  and  then  go  home  or  to  North 
America.  The  great  prosperity  and  industrial  activity  in  the  United 
States  has  also  had  much  to  do  with  diverting  European  immigration 
from  Argentina  to  this  country.  Immigi*anls  are  learning  that 
Argentina  is  a  poor  place  for  a  man  without  some  capital,  unless  he 
is  willing  to  live  on  very  little  at  first  and  undergo  many  hardships. 
The  country  is,  nevertheless,  giving  opportunity  to  Russians,  Armeni- 
ans, Boers,  and  drought-stricken  Australians,  all  of  whom  are  bettering 
their  condition  by  engaging  in  agriculture. 

CLIMATE  OF  AEOElfTIHA. 

"What  is  the  climat/C  of  the  country  ?"  is  a  question  often  asked 
about  Argentina.  Almost  any  desired  climate,  from  tropical  to  frigid, 
m-a^'  be  had  in  a  country  that  extends  through  more  than  34  degrees  of 
latitude,  or  more  than  2,300  miles,  from  latitude  22  to  56  south,  and 
is  in  places  800  miles  wide.  (See  Pis.  I  and  11. )  Conditions  vary  widely 
in  the  same  latitude.  Rainfall  diminishes  from  the  east  to  the  west 
until  the  very  base  of  the  Andes  is  reached.  (See  PI.  III.)  .Temper- 
ature is  highest  in  the  central  part  of  the  country,  falling  rapidl}?^  in 
the  Andean  region  to  a  point  many  degrees  below  the  temperature  of 
localities  due  east,  in  the  Litoral,  which  is  the  name  given  to  the 
region  including  the  Territories  of  Formosa,  the  Chaco,  and  Misiones, 
and  the  Provinces  of  Corrientes,  Entre  Rios,  Santa  Fe,  and  Buenos 
Aires,  the  best  part  of  the  country. 

The  second  climatic  division  of  Argentina  is  known  as  the  Mediter- 
ranean region,  embracing  the  central  part  of  the  Republic,  from  the 
Bolivian  frontier  on  the  north  to  the  southern  extremity  of  the  conti- 
nent, and  the  Atlantic  coast  to  the  south  of  the  Province  of  Buenos 
Aires. 

The  third  division  is  called  the  Andean,  and  comprises  the  region 
west  of  the  Mediterranean  and  includes  the  eastern  slopes  of  the 
Andes. 

The  highest  recorded  temperature,^  120°,  was  during  the  hot  wave 

oThe  centigrade  thermometer  is  iipetl  in  Argentina,  but  all  expressions  of  tempera- 
ire  in  this  bulletin  have  been  converted  into  Fahrenheit. 
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in  February  1900,  in  the  Province  of  Catamarca  at  the  extreme  north, 
and  the  lowest  recorded  temperature  was  3°,  in  the  southern  extremity 
of  the  continent,  a  range  of  117^  of  temperature  in  33  degrees  of  lati- 
tude. The  Argentina  weather  bureau  states,  however,  that  lower 
temperatures  are  probably  experienced  in  the  interior  of  the  Terri- 
tory of  Santa  Cruz.  In  the  northern  part  of  the  Litoral  the  ordinary 
range  of  temperature  is  from  41°  to  106°  and  in  the  southern  section 
of  the  Liitoral  the  usual  limits  are  from  32°  to  102°.  This  is  the  Ter- 
ritory in  which  most  of  the  corn  is  raised,  and  the  sununer  tempera- 
ture averages  from  72°  to  77°  and  is  rarely  above  96°. « 

A  very  good  system  of  weather  reports  has  been  organized  by  the 
Argentine  Government  under  the  direction  of  Mr.  Walter  G.  Davis, 
formerly  a  resident  of  Vermont,  who  has  been  in  this  service  in 
Argentina  for  the  past  twenty-six  years.  The  national  telegraph 
service,  which  is  part  of  the  postal  system,  carries  the  reports,  and 
the  operators,  in  many  cases,  are  observers.  The  best  instruments 
have  been  supplied  to  observers  and  the  national  telegraph  lines  have 
been  extended  well  over  the  country,  so  that  now  observations  are 
reported  and  the  conditions  are  being  studied  in  the  remotest  sections. 
In  the  hands  of  the  capable  director  the  service  is  well  organized  and 
efficient.  Weather  maps  similar  to  those  issued  in  this  country,  are 
published  daily  by  the  Weather  Bureau  in  Buenos  Aires.*  The  tem- 
perature of  the  various  parts  of  the  country  is  shown  by  the  isothermal 
lines  as  follows: 

SUMMER. 

The  summer  isotherm*  of  77°  starts  on  the  Uruguay  River  in 
about  latitude  31  south,  runs  through  the  upper  edge  of  the  Prov- 
ince of  Entre  Kios,  through  central  Santa  Fe,  and  downward  to  the 
city  of  Cordoba,  where  it  dips  south  to  the  lower  part  of  San  Luis  and 
Mendoza,  and  from  there  turns  upward  along  the  lower  slopes  of  the 
Andes  to  Bolivia. 

The  summer  isotherm  of  75°  begins  at  about  latitude  33  south,  runs 
west  across  the  lower  part  of  the  Province  of  Entre  Rios;  thence  south- 
westerly through  the  city  of  Rosario,  across  the  southern  edge  of 
C!ordoba  and  San  Luis,  the  northwestern  corner  of  the  Pampa,  and  then 

^  The  average  annual  temperatare  of  the  com  belt  of  the  United  States  is  about 
50°.  The  season  averages  in  Iowa  are:  Winter,  20.9°;  spring,  47.3°;  summer,  72.3°; 
autumn,  60.1°.  The  corn  belt  lies  between  the  isothermal  lines  of  45°  and  55°, 
annual. 

^These  maps  have  only  been  published  a  little  over  a  year,  and  the  service  is  not 
entirely  perfected  in  the  more  distant  parts  of  the  country. 

^'The  temperatures  used  to  form  the  isothermal  lines  have  been  reduced  to  the  level 
of  the  sea  at  the  rate  of  1°  Centigrade  to  each  200  meters  of  altitude,  or  1.8°  Fahren- 
heit for  each  656  feet.  The  corn  region  is  scarcely  affected  by  this  operation,  since  it 
18  nearly  all  less  than  200  feet  above  sea  level. 
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up  through  Mendoza,  Kan  Juaiu  La  Rioja,  Catamarea,  and  Salta  to 
Bolivia. 

The  isotherm  of  73"^  begins  in  about  latitude  33.5  south  and  crosses 
the  northern  part  of  the  Province  of  Buenos  Aires,  takes  a  south- 
westerly course  through  the  central  part  of  the  Territory  of  the  Pampa, 
and  makes  a  curve  from  the  central  part  of  the  Territory  of  Neuquen 
upward  to  about  latitude  35  south. 

The  line  of  72^  starts  at  Buenos  Aires,  latitude  35  south,  and  follows 
a  general  southerly  direction  across  the  Province  of  Buenos  Aires,  the 
southwestern  corner  of  the  Pampa,  the  northwestern  corner  of  Rio 
Negro  and  central  Neuquen  to  the  Andes. 

The  line  of  70^  starts  at  the  seacoast  in  latitude  37  south,  runs  south- 
west along  the  coast  to  latitude  40  south,  whence  it  crosses  the  Terri- 
tory of  Rio  Negro,  dipping  a  little  to  the  south,  and  up  a  trifle  north 
of  latitude  40  south  in  Neuquen. 

Autumn  temperatures  average  in  the  temperate  zone  about  11  degrees 
cooler  than  summer. 

WINTER. 

The  winter  isotherm  of  70^  runs  from  the  southeast  comer  of  the 
Territory  of  Misiones,  in  latitude  27  south,  to  lower  Catamarea,  in 
almost  a  straight  line,  thence  north  to  liolivia. 

The  line  of  57^,  beginning  in  latitude  30.5  south,  crosses  lower  Cor- 
rientes,  central  Santa  Fe,  northern  Cordoba,  south  to  the  city  of  San 
Juan,  and  north  to  liolivia. 

The  line  of  55^,  beginning  in  latitude  31  south,  runs  across  Entre 
Rios  to  the  city  of  Santa  Fe,  a  little  north  to  the  city  of  Cordoba, 
southwest  to  the  city  of  San  Luis,  through  Mendoza  northwesterly, 
and  north  to  Bolivia. 

The  isotherms  of  54^^  and  52^,  beginning  in  latitudes  32  and  33.5 
south,  respectively,  are  nearly  parallel  with  line  55^. 

The  isotherm  of  50^  begins  at  about  latitude  34.5  south,  a  few  miles 
north  of  the  citv  of  Buenos  Aires,  runs  northwest  to  the  middle  of  the 
lower  point  of  Santa  Fe,  thence  southwesterly  along  the  borders  of 
Buenos  Aires,  the  Pampa,  Cordoba,  and  San  Luis,  and  upward  through 
Mendoza  to  about  the  same  latitude  as  that  of  the  starting  ]X)int. 

The  isotherm  of  48^  starts  on  the  coast  at  about  latitude  35.5  south 
and  dips  downward  through  the  Province  of  Buenos  Aires  to  a  point 
about  50  miles  north  of  Bahia  Blanca,  where  it  crosses  the  Pampa  ai.d 
Neuquen  on  a  slight  upward  incline,  ending  in  a  sharp  upward  turn  to 
latitude  37  south. 

Below  this  the  lines  are  more  nearly  east  and  west,  lx)th  summer  and 
winter.  At  latitude  39.4  south  the  winter  tempemtui-e  is  46.4°.  At 
latitude  44  south  it  is  43^. 

The  spring  temperatures  average  about  11^  to  12  warmer  than  the 
winter  temperatures. 
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ANNUAL  AVERAGE  TEMPERATURE. 

The  highest  annual  average  is  75°.  This  is  in  the  northern  part  of 
Formosa  and  Jujuy,  near  the  Tropic  of  Capricorn.  At  every  70  to 
150  miles  south  the  temperature  is  about  2  degrees  cooler.  The  line 
of  66^,  annual  average,  runs  straight  across  the  northern  part  of  lintre 
Rios,  central  Santa  Fe,  and  downward  to  the  cities  of  Cordoba  and 
San  Lfuis,  curves  downward  50  miles  south  of  the  city  of  Mendoza  and 
up  to  a  point  on  the  boundary  due  west  of  the  last-named  city.  The 
isotherm  of  63°  goes  across  lower  Entre  Rios,  just  south  of  the  city 
of  Rosario  and  due  southwest  along  the  borders  of  Buenos  Aires,  Cor- 
doba, San  Luis,  and  the  Pampa  to  Chos-Malal.  At  La  Plata  the 
isotherm  of  61^^  begins  and  runs  a  little  north  to  central  northern 
Buenos  Aires,  where  it  bears  off  to  the  southwest,  through  the  Pampa 
a  little  south  of  the  center,  into  Neuquen.  Bahia  Blanca  is  in  the  line 
of  69°  and  from  this  point  the  lines  are  more  nearly  imiform,  the 
temperature  being  about  2  degrees  warmer  on  the  Atlantic  coast  than 
at  the  base  of  the  Andes.  It  averages  about  2  degrees  lower  each  125 
to  150  miles  south  until  at  the  end  of  the  continent,  in  about  latitude 
56  south,  it  is  41°. 

The  isothermal  lines  shown  in  the  map  given  herewith  (PL  II) 
indicate  average  temperatures  for  the  year  from  actual  observations, 
not  reduced  to  sea  level.  No  temperatures  taken  in  deep  valleys  or 
on  high  mountains  have  been  considered,  but  only  those  that  fairly 
represent  the  altitude  of  the  region. 

Observations  of  temperature  have  been  made  in  the  city  of  Buenos 
Aires  since  1856.  They  are  printed  in  three  periods  and  the  averages 
are,  by  seasons,  as  follows: 

Average  temperatures  at  Buenos  Aires. 


Season. 


1866-75.      1876-96. 


1897-1900. 


Bmmmer  (December,  January,  and  February) 

Autumn  (March,  April,  and  May) 

Winter  (June,  July,  and  August) 

Spring  (September,  October,  ana  November) . 


Of. 

°F. 

74.3 

72. 5 

63.1 

61.6 

61.9 

51 

62.6 

61.3 

Year 62.9  61.6 


OK 
76.3 
64 
61.4 
61.5 


63.1 


These  averages  are  not  far  from  the  averages  of  the  principal  corn 
regions,  being  but  a  trifle  cooler  than  the  northern  part  thereof. 

KFPBCT  OP  HUMIDITY   ON   TEMPERATURE. 

Though  the  temperature  of  the  wanner  part  of  the  present  best  corn 
area,  southern  Entre  Rios,  Santa  Fe  and  Cordoba  and  northern  Buenos 
Aires,  is  not  often  above  96^,  it  seems  15  or  20  degrees  hotter  most  of 
the  time  because  of  the  high  percentage  of  humidity.     In  the  city 
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of  Cordoba,  the  altitude  of  which  is  1,000  to  1,300  feet  higher  than 
the  farming  country  below,  the  aven^  annual  percentage  of  relative 
humidity  is  64.  In  Buenos  Aires  and  Rosario  it  is  78."  In  the  north- 
ern part  of  the  Litoral,  the  Territories  of  Misiones,  Formosa  and  the 
Chaco,  and  the  Province  of  Corrientes,  the  relative  humidity  is  10 
per  cent  greater.  The  report  of  the  Argentine  Weather  Bureau 
contains  the  following  concerning  the  effects  of  humidity: 

It  is  not  an  uncommon  occurrence  in  summer  that  the  temperature  of  the  air, 
during  the  hottest  hours  of  the  day,  is  considerably  higher  in  the  region  of  Chabut 
and  Rio  Negro  than  in  Corrientes  or  the  Chaco,  16  to  18  degrees  nearer  the  equator. 
In  the  first-named  region,  however,  one  scarcely  feels  the  heat;  whereas,  in  the 
latter,  the  temperature  is  very  oppressive.  This  is  explained  by  the  fact  that  the 
temperatures  of  the  wet  bulb  thermometer  are  much  lower  in  the  southern  terri- 
tories, when  these  phenomena  are  observed,  than  those  recorded  in  the  northern 
region.  In  the  city  of  Buenos  Aires  a  temperature  of  95°  is  very  rare,  while  in 
Cordoba  it  is  not  exceptional  in  autumn  and  spring,  and  is  frequently  observed  dur- 
ing the  summer.  In  the  first-named  place  this  degree  of  beat  causes  a  suspension  of 
all  labor  that  can  be  postponed,  while  in  Cordoba  it  does  not  give  the  impression  of 
being  excessive,  and  work  is  carried  on  without  inconvenience. 

WIND. 

The  effect  of  winds  on  temperature  in  Argentina  is  stated  by  Direc- 
tor Davis,  of  the  Argentine  Weather  Bureau,  as  follows: 

The  north  winds  are  hot,  and  the  increase  in  the  heat  is,  as  a  rule,  proportional  to 
the  duration  of  the  wind  from  this  direction,  while  the  south  winds  are  cool,  refresh- 
ing the  air  and  relieving  the  suffocation  produced  during  the  successive  days  of  north 
wind.  In  the  Andine  region  the  dry  and  hot  winds  are  called  zondas,  which  gen- 
erally blow  from  north  to  northwest,  and  at  times  with  such  intensity  that  respira- 
tion is  difficult.  These  winds  rise  about  midday  and  last  till  sunset,  but  at  times 
they  last  two  or  three  days  without  interruption,  being  strongest  in  spring  in  the 
months  of  September  and  October.  The  changes  of  temperature  after  a  severe  Konda 
and  the  south  wind  which  follows  it  are  frequently  as  high  as  45°.  In  the  Litoral 
and  Mediterranean  the  heat  produced  by  the  north  wind  generally  terminates  with 
a  thunder  storm  or  pampero.  The  pamperos  in  the  Litoral  are  more  frequent  in 
winter  and  spring.  The  change  of  temperature  caused  by  the  two  winds  is  fre- 
quently from  27°  to  36°. 

RAINFALL. 

The  average  annual  rainfall  in  the  corn  district  of  Argentina  is  31.52 
to  39.40  inches,  and  it  is  quite  evenly  divided  between  the  seasons.* 


«The  average  annual  percentage  of  relative  humidity  in  Iowa  for  the  past  25 
years  has  been  70  per  cent,  and  for  the  crop-growing  period,  May  1  to  September  1, 
it  has  been  69  per  cent. 

f>  The  surplus  com  States  of  the  United  States  have  an  average  of  about  35  inches 
of  rainfall,  the  range  being  from  27  inches  in  the  northwestern  part  of  the  belt  to  40 
inches  in  the  southeastern  part.  The  average  for  Iowa  is  31  inches  for  the  whole 
State,  of  which  amount  70  per  cent  falls  in  the  nix  crop  months,  April  1  to  Octoljer 
1,  and  over  50  per  cent  in  the  four  months.  May  1  to  September  1.  By  seasons,  the 
State  averages  are:  Winter,  3.32  inches;  spring,  9.19  inches;  summer,  12.02  inches, 
and  autumn,  6.53  inches. 
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From  October  to  March  is  called  the  wet  season,  and  f  roui  April  to 
September  the  dry  season,  in  that  part  of  Argentina  north  of  latitude 
38  south. 

In  Buenos  Aires  56  per  cent  of  the  annual  rainfall  is  in  the  wet  sea- 
son; in  Corrientes  66  per  cent  of  the  rain  falls  in  the  wet  season;  in 
Cordoba  86  per  cent,  and  in  Salta  96  per  cent.  In  the  region  south  of 
latitude  38  south  the  distribution  of  rainfall  is  very  even  through  the 
year.  Snow  falls  every  year  in  the  Territories  of  Santa  Cruz,  Chubut, 
Rio  Negro,  and  Neuquen,  but  it  rarely  reaches  the  Province  of  Buenos 
Aires. 

The  average  annual  rainfall  in  a  number  of  representative  localities 
is  given  herewith: 

Average  annual  rainfall  in  Argentine  cities. 


1 

station. 

LAtltW 

ie. 

■" 

12 
28 
10 

9 
14 
23 
44 
30 
49 
57 
37 
49 
18 
51 
45 
17 
13 
45 
10 
17 
46 
61 
48 
25 

7 
19 
28 
19 
32 
53 
27 
52 
23 

Longltu 

o 

58 
58 
58 
59 
57 
58 
60 
58 
61 
60 
58 
58 
57 
57 
59 
59 
61 
62 
63 
65 
65 
65 
64 
64 
64 
66 
65 
67 
68 
68 
69 
68 
63 

de. 
6 

Years  of  observation. 

Rainfall. 

Villa  Formosa 

o 

26 
27 
28 
29 
90 
31 
81 
30 
32 
82 
84 
84 
36 
86 
86 
37 
37 
38 
37 
43 
24 
26 
27 
31 
33 
33 
28 
29 
31 
32 
37 
54 
54 

1879  to  1892 

Inches. 
57.14 

Corrientes 

60 
45 
16 
38 

4 
31 
13 

8 
38 
22 

3 
40 
53 

1876  to  1900 

49.28 

San  Lorenzo          

1892  to  1900 

35.16 

Gova 

1876  to  1900 

38.31 

Mont6  Caj^roH  

1893  to  1900 

40. 65 

Concordia 

1876  to  1878  and  1887  U)  1898 

42.05 

Parana 

1875  to  1882  and  1896  to  1898 

35.45 

Uruguay 

1895  to  1899 

45.49 

(^rcarafia 

1889  to  1900 

35.11 

R(.)8ario 

1875  to  1880  and  1886  to  1900 

37.46 

Buenos  AireH 

1861  to  1900 

36.76 

Eetancia  San  Juan 

1867  to  1900 

42. 57 

Dolores 

1889  to  1900 

32.32 

Maipu 

1888tol900 

26. 77 

Azul 

50 

1888  to  1900 

32.29 

Tandil 

8 
16 

1888  to  1900 

32.47 

General  Im.  Madrid 

1888  to  1900 

25.73 

Bahia  Blanca 

11 
50 

5 
24 
12 
16 
12 
19 
20 
56 

1 
31 
49 
49 

7 
47 

1860  to  1883  and  1896  to  1900 

20. 5H 

La  Carlota 

1891  to  1900 

21.53 

RawBon 

1880  to  1M88  and  1896  to  ICOO 

9.46 

SalU 

1873  to  1897 

22.08 

Tucuman 

1873  to  1900 

38.02 

^ntiaf o  del  Estero 

1873  to  1S90 

19.57 

Cordoba 

1873  to  1900 

27.48 

Rio  Cuarto 

IHSl  to  1882  and  1900 

26.46 

San  Luis 

0874  to  1877 

21.57 

Catainarca 

1881  to  1900 

12.67 

LaRioja 

1875  to  1892 

10. 7H 

San  Juan 

1875  to  1900 

2.93 

Mendoza 

1866  to  1880  and  1885  to  1900 

7.08 

Chos-Malal 

1892  to  1896 

7. 52 

Ushuaia 

1876  to  1885 

23.15 

lala  de  los  Estados 

1886  to  1893  and  1899  to  1900 

54.06 

1 

The  distribution  of  rainfall  throughout  the  country  is  graphically 
shown  by  the  chart  (PL  I),  which  was  made  by  the  Argentine  Weather 
Bureau  from  observations  at  more  than  150  stations  well  distributed 
over  the  country,  covering  periods  from  eight  to  twelve  or  more  \'ears 
at  most  of  the  stations.  The  observ'ations  in  the  interior  of  Formosa 
and  the  Chaco,  and  in  the  region  at  the  foot  of  the  Andes  south  of  lati- 
tude 88  south,  were  not  sufficient  for  a  permanent  record,  but  other- 
wise further  observations  may  not  be  expected  to  show  changes,  says 
Dire(*tor  W.  Ci.  Davis  in  his  report. 

The  records  also  show  that  the  i-ainfall  was  well  distributed  through 
the  months  and  the  days  of  the  months.     Rain  falls,  on  the  average, 
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42.2  days  per  3^ear  in  Corrientes,  39.2  days  in  Goya,  55.7  days  in  Con- 
cordia, 50.3  days  in  Parana,  59.2  in  Buenos  Aires,  82.2  days  in  Tandil, 
53.5  in  Bahia  Blanca,  70.3  in  Cordoba,  68  in  Rio  Cuarto,  and  58.8  in 
San  Luis. 

THE  PEODVCTIOK  OF  COEK. 

EXISTING  CONDITIONS  AND  METHODS,  AND   PROBABLE   IMPROVEMENT. 

The  production  of  maize,  or  Indian  corn,  in  the  Argentine  Republic, 
while  it  has  been  going  on  for  many  years,  is  only  now  developing 
into  a  great  industry.  It  is  just  growing  out  of  the  primitive  methods 
that  have  been  holding  it  back  and  which  still  prev^ent  farmers  from 
realizing  much  more  than  half  what  they  might.  The  results  they 
achieve  arc  due  to  the  marvelous  fertility  of  the  soil  and  the  perfect 
climatic  conditions,  which,  in  spite  of  bad  methods,  neglect,  and  gen- 
eral ignorance,  give  bountiful  harvests  to  men  who  would  utterly  fail 
in  the  corn  belt  of  the  United  States  if  they  farmed  as  they  do  in 
Argentina;  and  these  men  can  not  long  continue  in  this  manner  where 
the3^  are.  Their  only  natural  disadvantage  is  that  they  are  likely  to  get 
too  nmch  rain  during  the  gathering  season  and  they  may  liave  too  little 
during  the  growing  season;  but  where  they  have  a  range  of  about  five 
months  in  which  to  plant  corn  and  still  be  reasonabl}'^  sure  of  a  crop, 
m\u'}\  of  the  fear  of  insufficient  rains  during  the  plowing,  planting,  and 
growing  seasons  is  taken  away. 

The  methods  of  cultivation  are  improving  every  year,  as  the  com 
area  extends  and  the  leaven  of  modern  ideas  slowly  penetrates  to  the 
slow-thinking  colonist.  He  would  progress  much  faster  in  the  United 
States,  because  he  w  ould  have  the  example  of  better  farmers  all  around 
him,  while  in  Argentina  he  sees  nothing  better  than  his  own  miserable 
efforts,  and  he  is  no  theorist,  to  adopt  new  methods  simply  because 
some  one  has  told  him  to  do  so.  The  chances  are  that  he  has  never 
seen  anything  grow  before  he  came  to  be  a  *'chacarero''  on  some 
large  place  in  the  new  southern  country.  Never  having  had  any  land 
to  work  before,  never  having  had  room  enough  to  live  or  a  chance  to  do 
an3^thing  on  his  own  account,  he  becomes  greedy  when  he  sees  so  much 
land  on  which  he  is  free  to  go,  and  wants  to  take  far  more  than  he 
can  work  well.  Every  colonist  wants  at  least  KX)  hectares,  equal  to 
247  acres,  and  sometimes  he  succeeds  in  getting  more.  This  is,  how- 
ever, the  usual  limit  for  a  family,  unless  there  are  several  large  boys. 
The  rule  on  some  large  corn  farms  is  that  25  squares,  or  about  104 
acres,  shall  be  allotted  to  every  able-bodied  working  hand.  Farming 
as  they  do,  a  man  can  work  that  amount  of  land  in  corn  until  the  gath- 
ering is  upon  him,  when  he  nmst  have  help  or  suffer  heavy  losses. 


'J 
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THE   FARMiER   AND   HIH   HOME. 


Most  of  these  '' colonists,"  or  renters,  are  from  the  north  of  Italy, 
and  are  very  industrious  and  thrifty.  They  work  and  live  under  con- 
ditions that  would  not  be  endured  by  the  poorest  farm  hand  in  our 
country.  Yet  they  have  here  a  chance  that  they  could  not  have  at 
home,  and  most  of  them  become  well  off  in  a  few  years.  But  a  great 
many  of  them  do  not  like  the  country,  and  are  leaving  it  and  returning 
to  Italy  or  coming  to  the  United  States.  The  reason  most  commonly 
given  is  that  thej^  are  oppressed  by  the  petty  local  officers  and  made  to 
pay  excessive  taxes  and  unjust  fines.  Some  of  them,  however,  become 
citizens  and  occupy  positions  of  influence  among  their  fellows.  Others 
desire  only  to  accumulate  money  to  live  comfortably  in  Europe.  A 
better  class  of  corn  farmers  are  the  Austrians,  who  are  not  numerous. 
They  build  frame  houses  and  live  far  better  than  the  Italians,  and  yet 
seem  to  make  as  much  mone}'.  The  Italian  renter  builds  a  mud  house 
with  a  zinc  roof,  all  the  materials  being  furnished  by  the  "patron," 
the  owner  of  the  land.  Several  hard-wood  posts  are  set  in  the  ground 
and  small  boaids  nailed  across  the  top.  The  sheets  of  zinc  are  then 
spread  over  the  frame  for  a  roof,  with  a  slight  pitch.  Wire  is  tied 
from  post  to  post  and  cornstalks  woven  in,  the  wire  holding  them  up. 
Mud  is  plastered  on  both  sides  of  the  stalks  and  soon  dries.  A  hole  is 
left  for  a  door,  and  perhaps,  but  not  always,  a  smaller  hole  for  a  win- 
dow, and  the  house  is  done.  I  made  a  photograph  of  one  of  these 
dwellings,  which  was  about  12  feet  long  and  8  feet  wide  (PI.  IV,  fig.  1). 
Four  men  and  a  boy  lived  in  it,  and  were  doing  a  good  business,  culti- 
vating something  over  400  acres  of  corn.  The  head  of  this  gang  is  the 
one  shown  in  the  picture  (PI.  IV,  tig.  2)  standing  in  the  corn,  which  at 
that  time,  December  22,  was  about  eight  weeks  old. 

LAND   RENTIN(4,  IN('Lri)IN(J    TERMS,   PRICKS,  ETl'. 

These  men  came  to  the  land  with  nothing  but  their  strong  bodies  as 
their  capital.  The  big  Italian  standing  in  the  corn  was  the  boss  and 
the  responsible  man,  if  anyone  was  responsible.  The  owner  of  the  land 
had  this  contract  with  them:  He  gave  them  the  land,  material  to  build 
the  house,  plows,  harrows,  cultivators,  planting  machines,  necessary 
mules  and  bullocks  to  work,  and  two  horses  to  draw  water  and  ride  in 
caring  for  the  other  animals.  He  became  responsible  for  their  credit 
at  the  country  store  for  an  amount  equal  to  about  $12  of  our  money, 
per  month  and  they  fed  themselves,  paying  the  account  at  the  store 
when  they  received  their  share  of  the  proceeds  of  the  crop.  One- 
third  of  the  cost  of  the  seed,  harvesting,  and  shelling  was  charged  to 
the  tenants.  They  agreed  to  work  the  land  to  the  satisfaction  of  the 
owner,  and  for  all  this  they  received  one-third  the  proceeds  of  the  sale 
of  the  crop,  the  owner  selling  when  he  saw  fit.     It  is  on  some  such 
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terms  as  these  that  the  poor  man  gets  his  start,  and  in  a  year  or  two  he 
advances  to  the  next  stage,  where  he  furnishes  everything  and  delivers 
to  the  owner  at  his  warehouse  a  share  of  the  crop  ranging  from  16  to 
22  per  cent — 16  per  cent  the  first  year,  18  per  cent  the  second,  third, 
and  fourth  years.  Other  contracts  call  for  20  per  cent  the  first  year, 
21  the  second  year,  and  22  the  third  and  fourth  years.  This  was  in  a 
comparatively  new  district,  the  advantages  of  which  were  not  so  well 
known.  Higher  rents  are  obtained  elsewhere,  nearer  the  Parana  River, 
where  the  land  is  known  to  be  very  rich  and  the  market  is  very  near. 
The  third  step  of  the  corn  raiser  is  the  payment  of  cash  rent. 

The  cash-rent  system  is  the  one  generally  in  vogue,  though  nearly 
every  large  ''chaci*a,"  or  farm  devoted  to  agriculture,  has  all  three 
plans  in  operation.     The  prices  paid  vary  greatly,  according  to  loca- 
tion and  supposed  fertility  of  the  land  and  its  adaptability  to  corn. 
The  price  on  the  place  I  am  speaking  of,  which  is  located  70  miles 
west  of  Rosario,  was  from  $5  to  $9  per  square,  which  is  a  fraction 
over  4:  acres.     The  latter  is  now  the  ruling  price  and  it  will  probably 
soon  be  advanced.     The  lower  price  was  offered  when  the  land  was 
converted  from  wheat — which  was  a  failure — to  corn,  to  induce  the 
better  class  of  corn  farmers  from  nearer  the  river  to  come  out  there 
and  take  the  land.     Now  that  its  adaptability  to  corn  is  established, 
the  owner  will  doubtless  have  no  trouble  to  rent  it  to  good  men,  as 
renters  go  in  Argentina,  for  higher  prices  than  he  is  now  receiving. 
In  the  best  corn  lands,  near  the  Parana  River,  rents  have  been  paid 
as  high  as  $4.25  an  acre,  but  this  is  exceptional  and  above  the  average, 
even  for  the  best  lands.     Half  of  this  rent  must  be  paid  in  advance 
and  the  colonist  agrees  to  use  all  the  land,  except  dt  per  Cent  for  his 
house,  garden,  corrals,  etc.,  for  corn  or  linseed;  and  only  10  per  cent 
for  linseed.     He  agrees  to  keep  out  all  noxious  weeds  and  he  must 
plow  and  cross  plow  before  planting,  dropping  the  seed  corn  behind 
the  plow  the  last  time  with  a  machine  attached  to  the  plow.     Then  he 
must  follow  with  the  harrow,  and  harrow  again  after  the  corn  is  up, 
and  cultivate  once  with  a  single-shovel,  one-horse  cultivator.     Hardly 
a  farmer  cultivates  his  corn  more  than  once,  and  only  one  way,  but 
many  of  them  are  required  by  their  contracts  to  go  through  after 
cultivating  and  pull  the  worst  of  the  weeds. 

In  other  parts  of  the  country,  farther  south,  in  the  Province  of 
Buenos  Aires,  rents  for  corn  lands  range  from  $1.50  to  $2.60  per  acre, 
depending  upon  how  near  the  market  and  how  good  the  land.  While 
most  of  the  corn  is  raised  by  renters,  the  number  of  small  proprietors 
is  slowly  increasing.^  The  valuation  generally  put  upon  agricultural 
land  is  to  call  the  rent  8  per  cent  of  the  value.  But  land  can  be  bought 
cheaper  than  this  if  one  knows  where  and  how  to  go,  especially  in 
large  tracts.     The  best  farming  land  in  the  country  has  been  selling  at 

«  See  footnote,  p.  9. 


Fio.  1.— Corn  of  Different  Aqes  in  S*me  Field  in  the  Province  of  Santa  Fe. 


Fig.  2.— PoaT  of  Rosabio,  Argentina,  Lower  Level. 
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prices  ranging  from  $6  to  $15  an  acre.  A  tract  of  1,943  acres  about 
75  niile8  west  of  RovSario,  in  an  excellent  corn  district,  was  sold  for 
$13.75  per  acre,  $3,500  down  and  the  balance  in  annual  payments  at  6 
per  cent  interest.  Land  within  50  miles  of  Buenos  Aires  is  worth 
three  to  four  times  as  much  as  this. 

THE   farmer's   food   AXD   DRINK. 

Formerly  colonists  were  allowed  as  much  as  12  per  cent  of  the  land 
allotted  to  them,  rent  free,  for  pasturage,  corrals,  house  grounds,  etc. 
Now  they  have  to  pay  for  it  all,  even  the  4  per  cent  which  they  are 
allowed  for  such  purposes.  But  it  must  not  be  supposed  that  the  col- 
onists want  this  land  for  gardens,  for  they  very  seldom  have  them. 
Rarely  do  they  i-aise  as  much  as  a  cabbage,  living  on  bread  and  meat 
and  a  few  potatoes,  and  perhaps  a  few  other  vegetables  that  they  buy. 
They  might  have  fine  gardens,  but  they  are  intent  on  making  the  land 
produce  all  it  will  that  is  marketable.  Comforts  and  luxuries  are  not 
included  in  their  ideas  of  life  in  Argentina.  They  have  two  meals  a 
day,  at  about  11  and  7,  with  little  besides  the  '^yerba  mat^,"  or  Para- 
guayan tea,  early  in  the  morning.  This  wonderfully  nourishing  and 
muscle  stimulating  drink  is  sucked  through  a  tube  from  a  gourd  that 
holds  about  4  ounces  of  water.  Boiling  hot  water  is  repeatedly 
poured  over  the  tea  leaves  in  this  gourd,  and  one  tilling  suffices  for  a 
dozen  fillings  of  water.  The  same  tube  is  used  by  everyone  present, 
even  when  there  is  company.  It  is  a  very  wholesome  beverage,  in  use 
all  over  Argentina,  and  the  common  people  are  very  much  attached  to 
it.  Some  of  them  put  sugar  with  it,  but  it  is  more  wholesome  without, 
though  it  is  quite  bitter. 

LONG   SEASON   FOR  PLANTING. 

Planting  of  corn  may  begin  as  early  as  August  15,  but  generally  not 
until  three  or  four  weeks  later,  and  it  may  be  as  late  as  January  15, 
though  generally  it  is  not  considered  quite  safe  to  plant  later  than 
December  20.  (See  PI.  V,  fig.  1.)  On  the  18,000-acre  place  which 
I  have  referred  to,  at  San  Jose  de  la  Esquina,  some  planting  was  done 
as  late  as  January  12  this  year  and  a  fair  crop  secured.  The  early 
planted  corn  was  ripe  at  the  end  of  January,  but  harvesting  was  not 
commenced  until  the  latter  part  of  February.  Three  men  came  to 
this  place  at  the  end  of  August  and  plowed,  cross-plowed,  planted,  and 
cultivated  400  acres  themselves  and  had  a  good  crop,  averaging  about 
40  bushels  to  the  acre.  In  adjoining  fields  may  be  seen  corn  in  full 
tassel  and  corn  just  out  of  the  ground.  Of  course  the  early  corn  gen- 
erally has  the  best  chance,  because  it  then  gets  the  full  benefit  of  the 
hottest  weather  to  mature  and  ripen.  The  latter  part  of  the  summer 
is  likely  to  be  i*ainy,  and  in  damp  seasons  the  plants  grow  to  such  a 
size  and  are  so  close  together  that  the  lower  ears  do  not  get  sufficient 
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air  or  sunshine  to  ripen  or  dry  out.  This  results  in  uneven  dryness 
of  ears  in  the  same  field.  Corn  of  uneven  ripeness  is  likely  to  cause 
trouble  and,  being  deficient  in  starch  and  having  its  sugar  imperfectly 
formed,  is  inferior  in  food  value,  besides  being  likely  to  heat  and 
mold  and  spoil  other  better  grain.  The  unripe  condition  of  com 
exported  is  not  always  discovered  until  it  has  been  sent  across  the 
ocean  and  caused  some  losses  on  the  voyage.  Often  late  planting*  is 
due  to  drought  in  the  spring,  which  prevents  plowing.  Disk  plows 
from  the  United  States  are  now  being  introduced  to  a  considerable 
extent,  both  among  corn  farmers  and  wheat  farmers,  as  they  have  been 
found  of  great  value  in  dry  seasons  when  the  ordinary  mold-board 
plows  could  not  be  used. 

GATHERING,  CRIBBING,  AND   SHELLING. 

Farmers  are  usually  in  a  hurry  to  get  their  money  and  so  are  apt  to 
gather  their  corn  too  soon  and  have  it  shelled  too  soon.  Shippers  are 
eager  to  get  cargoes  oflf  while  the  weather  is  dry,  and  this  stimulates 
premature  marketing.  It  is  in  the  harvest  season  that  the  Argentine 
farmer  has  his  greatest  trials.  Almost  invariably  he  has  more  than 
he  can  gather  without  extra  help,  and  that  is  difficult  to  get.  Often, 
to  save  time  and  realize  on  his  crop  sooner,  he  arranges  to  shell 
directly  from  the  field,  rushing  his  grain  to  market  before  it  has  had 
any  chance  to  dry.  When  this  is  not  done— and  oftener  it  is  not — the 
corn  in  the  ear  is  put  into  a  crib,  called  a  ''troja,"  which  is  a  round 
receptacle  made  of  poles  stuck  in  the  ground  with  wire  and  cornstalks 
woven  in  among  them,  making  a  sort  of  bin,  not  always  covered.  This 
being  more  or  less  open  gives  the  air  opportunity  to  circulate  through 
and  dry  the  corn,  especially  if  the  troja  is  thatched  over.  They  serve 
the  same  purpose  as  our  corncribs  do.  The  corn  is  gathered  into  sacks 
in  the  field  and  carted  to  these  deposits.  It  is  never  husked  into  a 
wagon  box  in  the  field,  as  in  the  United  States.  The  sacks  of  ears* 
husked,  weigh  about  143  pounds,  and  the  men  are  paid  by  the  sack  for 
husking  Ordinarily  the  men  are  paid  about  8  cents  per  sack  and 
boarded,  or  10  cents  per  sack  and  board  themselves,  but  this  year  the 
demand  for  help  has  been  so  great,  owing  to  the  immense  crop,  that 
prices  for  husking  have  gone  to  about  11  cents  per  sack  and  board,  up 
to  as  high  as  16  cents  per  sack  without  board.  A  man  will  gather  8  or 
10  bags  per  day.  This  year's  crop  is  the  largest  the  country  has  ever 
had  and  prices  are  very  good — about  40  cents  per  bushel — but  the 
farmers  are  suffering  heavy  losses  because  they  have  been  unable  to 
get  men  to  work  in  the  harvest.  Even  better  prices  than  those  quoted 
have  been  offered  and  the  cities  are  full  of  idle  men,  and  still  the  corn 
is  rotting  in  the  fields.  Those  prices  for  labor  may  not  seem  high  to 
a  farmer  in  our  country,  but  farm  laborers  in  the  Argentine  Republic 
usually  get  about  $13  a  month  and  their  board,  which  costs  their 
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employers  but  a  very  small  sum,  not  more  than  $4  a  month  at  the 
most,  and  usually  less.  It  is  e^imated  that  the  cost  of  gathering, 
shelling,  and  bagging  is  about  13  cents  per  bushel. 

Shelling  is  usually  done  alongside  the  trojas,  which  hold  from  1,600 
to  8,000  bushels  of  com  in  the  ear.  Sometimes  the  corn  is  shelled  at 
once,  without  any  opportunity  to  dry,  or  it  may  remain  in  the  troja 
several  months.  It  has  been  found  best  by  experience  that  the  least 
possible  time  should  elapse  between  the  time  of  shelling  and  loading 
on  shipboard,  and  the  Argentine  Department  of  Agriculture  has  so 
advised.  "It  is  better  to  run  the  risk  of  some  extra  cartage  during 
the  winter  when  the  roads  are  bad,"  says  one  man  of  wide  experience, 
"than  to  let  the  grain  become  heated  in  bags  when  deposited  in  a 
warehouse."  Nevertheless,  farmers  are  more  apt  to  shell  their  corn 
as  soon  as  they  can  get  a  machine.  In  many  instances  the  man  who 
runs  the  machine  also  buys  the  grain  on  the  spot,  paying  19  to  35 
cents  per  bushel  shelled  and  making  no  charge  for  shelling  or  bagging. 
Prices  for  shelling  range  from  li  to  2i  cents  per  bushel.  All  corn, 
as  well  as  wheat,  is  shipped  to  market  in  bags  weighing  in  the  neigh- 
borhood of  150  pounds.  These  are  coarse  burlap  bags  and  are  worth 
about  10  cents  each. 

MISTAKE  OF  CLOSE  PLANTING. 

Aside  from  lack  of  cultivation,  the  principal  mistake  of  the  Argentine 
corn  grower  is  his  unwillingness  to  give  his  plants  room  enqygh  to 
grow  and  get  air  and  sunshine  to  mature  and  ripen.  As  previously 
stated,  most  of  the  corn  is  planted  with  a  machine  attached  to  the  plow, 
and  the  rows  are  generally  about  20  inches  apart — simply  drilled  in, 
resembling  very  much  a  field  of  fodder  corn  in  this  country.  A  few 
of  the  farmers  are  learning  better,  and  perhaps  100  American  corn 
planters  have  been  sold  in  Argentina.  But  no  check  rowers  were 
seen,  and  there  is  so  little  cultivating  corn  two  ways  that  it  is  still 
spoken  of  as  a  curious  thing — this  "  North  American  checkerboard 
.  plan  "  of  planting  corn — and  scarcely  a  farmer  in  the  country  follows 
that  plan.  The  Basques,  the  most  industrious  and  successful  class  of 
Spaniards,  go  in  for  better  methods.  The  Catalans,  from  the  Prov- 
ince of  Catalonia,  Spain,  are  also  engaged  in  corn  growing  in  the 
Province  of  Buenos  Aires.  In  some  sections,  notably  to  the  south- 
west of  the  city  of  Buenos  Aires,  where  some  of  the  best  corn  farming 
is  done,  it  is  noticeable  that  the  better  the  farming,  the  more  experi- 
enced and  successful  the  farmers,  the  wider  apart  the  rows  are,  and 
occasionally  a  field  is  cultivated  both  ways.  The  rows  in  the  better 
cultivated  sections  are  from  24  to  30  inches  apart,  and  the  plants  in 
the  rows  about  20  to  24  inches  apart.  Corn  is  hardly  ever  planted 
farther  apart  than  this,  and  the  greater  part,  in  fact  nine-tenths,  is 
in  rows  20  to  22  inches  apart,  and  the  plants  no  farther  apart  in  the 
rows  and  generally  much  closer  together. 
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GOVKBKMENT   EFPORTH  T()   SECURE   WII»E    PLANTING. 

The  Argentine  Dej»rtiiient  of  Agriculture  has  trieil  to  teach  the 
farmers  the  benefits  of  planting  farther  apart,  but  they  are  hard  to  con- 
vince. Men  have  been  tjent  around  in  various  sections  saying  to  farmei's: 
"Give  us  a  hectare  of  land  and  we  will  plant  it  and  cultivate  it  the 
way  we  think  it  should  be  done;  we  will  bear  all  the  expense  and  you 
nia}'  have  all  the  crop."  These  experiments  have  always  resulted  in 
producing  twice  as  much,  or  more  than  twice  as  much,  as  the  farmer 
raised  alongside  in  the  old  way,  because  the  corn  was  given  plenty  of 
room  and  was  well  cultivated.  But  the  ignorant  farmers  have  not 
always  been  convinced.  When  asked  how  they  were  going  to  plant 
next  year,  some  of  them  said  they  intended  to  go  on  as  before.  When 
asked  why,  and  if  they  had  not  seen  the  good  results  of  the  improved 
methods,  they  have  replied:  '*Oh,  that  was  just  luck;  you  couldn't  do 
it  again."  Until  recenth"  corn  was  simpW  sown  broadcast,  by  hand, 
covered  in  some  primitive  fashion,  and  nothing  more  done  with  it 
until  it  was  gathered  in  the  fall.  Even  now  much  of  this  is  being 
done  in  some  parts,  though  not  in  the  districts  where  com  grows  best. 

SURPRISING  YIELDS. 

It  is  surprising  to  a  North  American  to  see  what  yields  result  from 
such  slovenly  agriculture.  The  yields  vary  greatly  in  different  sec- 
tions under  different  treatment  and  because  of  varying  soils  or  cli- 
matic conditions.  There  are  no  complete  and  reliable  crop  statistics, 
such  as  we  have;  but,  from  careful  observation  and  inquiry  and  f i-om 
the  study  of  such  statistics  as  are  available,  very  close  estimates  may 
be  made  of  the  corn  yield  in  various  sections.  In  some  places  a  yield 
of  25  bushels  to  the  acre  is  considered  fair;  but  these  are  outside  the 
preferred  corn  area  and  do  not  represent  the  l)est  cultivation,  even  of 
the  Argentine  farmer.  On  the  other  extreme  we  find  on  the  rich 
alluvial  lands  between  Buenos  Aires  and  Rosario,  not  more  than  70 
miles  back  from  the  River  Plate  and  the  River  Parana,  and  in  the 
splendid  new  country  to  the  west  and  southwest  of  Buenos  Aii-es, 
where  the  best  cultivation  is  done,  the  yields  run  up  to  70,  90,  and 
even  as  high  as  110  bushels  to  the  acre.  But  these  are  above  the  aver- 
age for  the  average  corn  country.  In  the  larger  part  or,  say,  three- 
fourths,  of  the  area  that  may  be  considered  corn  country,  fairly  tested 
and  farmed  b^^  the  better  class  of  farmers,  the  average  crop  is  better 
than  40  bushels  to  the  acre.  In  the  better  sections,  say  one-third  of 
the  entire  preferred  corn  area,  a  conservative  estimate  would  be  50  to 
60  bushels  to  the  acre,  with  many  fields  showing  better  results.  But 
beyond  the  favored  "coast  district,"  as  it  is  called,  a  section  about  70 
miles  wide  and  perhaps  300  miles  long,  swerving  inland  to  the  west 
from  Buenos  Aires  and  reaching  up  beyond  Rosario,  they  are  learning 
that  proper  methods  will  produce  almost,  if  not  quite,  as  good  results. 
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Places  that  have  rented  for  85  to  80  cents  i>er  acre  and  where  23  to  32 
bushels  an  acre  was  considered  very  good  with  simply  planting  behind 
the  plow,  without  any  cultivation,  have  shown  yields  two  and  three 
times  as  great  when  properly  planted  and  cultivated. 

In  the  future  corn  production  in  Argentina  is  sure  to  be  brought  to 
correspond  more  nearly  with  the  methods  pursued  in  the  United  States. 

ARGENTINE  CROP  AND  EXPORT  IN  RECENT  YEARS. 

At  present  considerably  more  than  half  the  corn  grown  in  the 
country  is  exported.  The  statistics  prepared  by  the  Argentine  Depart- 
ment of  Agriculture,  the  only  statistics  available,  give  the  area 
planted  in  1901  at  3,473,722  acres  and  the  total  yield  of  the  countiy 
at  84,018,265  bushels,  or  an  average  of  24.18  bushels  per  acre.  Of 
this  crop  the  custom-house  statistics  show  an  exportation  of  40,843,282 
bushels.  Owing  to  the  system  of  preparing  these  statistics,  this 
amount  is  probably  slightly  in  excess  of  the  amount  actually  exported, 
but  only  slightly.  This  crop  was  grown  between  Septeml)er,  1901, 
and  March,  1902,  and  90  per  cent  of  it  was  marketed  between  March 
and  October,  1902. 

The  com  crop  of  the  United  States  was  short  in  1901,  so  it  is  not 
fair  to  use  the  crop  and  exportation  of  that  year  for  comparison.  But 
in  1900  the  area  planted  to  corn  in  the  United  States  was  83,320,872 
acres.  The  total  production  was  2,105,102,510  bushels,  and  the  aver- 
age yield  per  acre  was  25.3  bushels.  The  exportation  that  year 
(1900-1901),  including  corn  meal,  was  181,405,473  bushels,  or  8.62 
per  cent  of  the  total  production,  while  the  Argentine  exportation  in 
the  calendar  year  19u2  was  55.75  per  cent  of  the  total  production.  Of 
course  the  shortjige  of  the  corn  crop  in  the  United  States  in  1901 
stimulated  prices  and  exportation  from  Argentina  in  1902,  but  this  is 
the  general  rule,  that  half,  or  more  than  half,  of  the  Argentine  corn 
crop  is  exported  when  there  is  a  good  crop. 

In  1902  the  State  of  Iowa  alone  had  9,302,088  acres  of  corn,  against 
3,473,722  acres  in  the  entire  Argentine  Republic  in  1901-02.  While 
Argentina  sent  out  of  the  country  55.75  per  cent,  or  46,843,282  bush- 
els of  her  total  production  of  84,018,265  bushels,  the  State  of  Iowa 
kept  in  the  county  of  its  growth  all  but  32,745,402  bushels,  or  11  per 
cent  of  the  crop,  which  was  297,686,016  bushels.  The  comparison 
would  be  much  stronger  if  we  could  know  the  amount  of  corn  shipped 
away  from  the  place  where  it  was  grown  in  Argentina,  but  not  sent  out 
of  the  country.  It  would  be  at  least  80  per  cent  of  the  crop  and 
probably  more. 

This  year  (1902-03)  the  acreage  of  the  crop  harvested  from  Feb- 
ruary to  June  in  Argentina  is  reported  at  4,433,686  acres  and  the 
yield,  not  yet  fully  reported,  is  known  to  be  larger  per  acre  than  the 
previous  year.     Owing   to  many  difficulties  this  crop  has  not  been 
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coming  to  market  as  fast  as  it  should,  yet  the  shipments  up  to 
November  5, 1908,  were  more  than  50  per  rent  greater  than  thej^  were 
up  to  that  time  a  year  before.  It  is  generally  estimated  by  com- 
petent persons  in  Argentina  that  the  exportation  this  year  will  be 
about  75  per  cent  more  than  last  year. 

But  at  present  the  production  of  corn  in  Argentina  is  an  uncertain 
business,  owing  to  the  difficulties  of  the  harvest  and  the  marketing 
and  to  the  fact  that  the  value  of  the  crop  depends  so  largely  upon 
conditions  in  other  countries.  For  instance,  the  price  in  1901  held  up 
high  until  early  in  Jime,  when,  the  reports  from  the  United  States 
being  favorable,  the  price  in  Europe  went  down,  until  it  was  about 
the  same  as  it  is  now,  averaging  around  40  to  42  cents  per  bushel 
for  the  best  in  the  River  Plate  markets.  Of  course  it  is  a  good  busi- 
ness at  that  price,  and  might  be  much  better  if  the  methods  of  cultiva- 
tion and  harvesting  were  improved. 

PROSPECTIVE   INCREASE   OF    FEEDING   CORN  TO   STOCK. 

The  most  far-seeing  Argentines  realize  that  they  must  adopt  the 
North  American  policy  of  sending  corn  to  market  on  four  legs,  in  the 
condensed  form  of  beef  and  pork.  One  of  the  best  known  and  most 
experienced  of  the  farmers  and  stockmen  of  the  western  part  of  the 
Province  of  Buenos  Aires,  where  some  of  the  best  corn  is  raised  and 
a  comparatively  good  class  of  farming  is  done,  said: 

We  have  no  reliable  market  for  our  corn.  Euroj^e  at  any  time  may  take  much  or 
none.  Brazil  and  the  Caj)e  are  progn»sj?ing  too  slowly  to  be  of  any  consequence. 
We  are  all  therefore  extremely  careful  not  to  invest  all  we  have  in  com.  Its  future 
here  depends  entirely  on  our  ability  to  j)rovide  home  use  for  it.  This  we  are  start- 
ing to  do.  A  few  are  planting  corn  to  fatten  expiirt  cattle  and  hogs.  Most  farmers 
cultivate  roughly,  one  way  only,  with  horse  shovels.  They  have  generally  no  idea  of 
proper  distance  to  plant  or  how  to  cultivate.  For  the  most  ]>art  the  farmers  are  illit- 
erate men  who  never  did  any  farm  work  before  connng  to  this  country.  Under  such 
circumstances  it  is  surprising  to  see  how  well  they  do  get  on.  They  are  chiefly  Span- 
iards (from  the  province  of  Catalonia)  and  of  late  years  more  Italians.  They  obtain 
from  40  to  70  bushels  to  the  acre  and  in  the  vicinity  of  Chacabuco  (127  miles  west  of 
the  city  of  Buenos  Airt*s)  90  bushels  to  the  acre  was  quite  common  last  year.  Rent 
varies  from  $1.60  an  acre  outside,  say  70  miU»s  from  the  river,  to  $2.25  an  acre  inside. 
Most  of  the  land  is  rented,  but  small  proprietors  are  fast  increasing,  hence  the  man- 
ner of  cultivating  is  rapidly  increasing.  This  is  shown  by  the  increasing  amount  of 
improved  machinery  and  implements  sold.  I  think  the  fact  that  a  large  amount  of 
the  corn  exported  is  used  for  distilling  accounts  in  i>art  for  carelessness  in  shipping. 

A  general  opinion  was  found  to  prevail  among  the  better  class  of 
^'estancieros"  that  they  must  grow  and  feed  corn.  One  man  offered 
extremely  liberal  terms  to  secure  some  North  American  corn  raisers 
to  come  down  and  use  some  of  his  land,  well  suited  for  corn,  to  show 
how  the  crop  should  be  grown.  These  men  differ  from  the  common 
farmers,  or  "colonists;"'  they  are  quick  to  take  up  new  methods  when 
they  become  convinced  that  they  can  make  money  by  doing  so.    Once 
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they  get  started  into  anything  they  go  into  it  heavil\%  as  they  have 
into  alfalfa.  As  soon  as  they  fully  realize,  as  some  of  them  now  do, 
that  corn  is  the  other  thing  they  need  to  supplement  alfalfa  in  the 
production  of  beef,  we  shall  see  them  going  in  for  corn,  and  raising  it 
themselves  on  their  large  stock  ranches,  to  finish  their  cattle.  If  the 
English  ports  are  again  opened  to  Argentine  live  stock,  as  Argentines 
hope,  it  will  hasten  the  development  of  corn  production;  for  those 
who  are  well  informed  in  regard  to  the  cattle  trade  in  England  know 
that  the  Argentine  stockmen  can  never  compete  with  the  corn-fed 
steers  from  the  United  States  until  they  also  finish  their  steers  for  at 
least  six  months  on  corn.  As  long  as  they  hav^e  only  the  ''frigori- 
ficos"  (frozen  or  chilled  meat  houses)  in  Argentina  for  a  market,  they 
will  not  be  in  so  much  haste  to  begin  corn  feeding,  because  for  that 
market,  especially  for  frozen  beef,  it  does  not  make  so  much  differ- 
ence. They  claim  it  would  not  pay  to  feed  corn  at  present,  and  it  is  very 
seldom  done,  except  for  show  purposes  or  some  other  special  reason. 

USE   OF  CORNSTALKS. 

Very  little  use  is  made  of  cornstalks  in  Argentina  at  present. 
Usually  they  are  plowed  under  as  soon  as  possible.  Some  of  the  more 
painstaking  farmers  gather  them  into  windrows,  when  dry,  and  burn 
them.  Scarcely  any  corn  is  cut  for  fodder,  nor  are  cattle  turned  into 
the  fields  after  husking  to  any  great  extent.  Green  feed  is  usually 
obtained  in  the  pastures  all  winter.  Feeding  the  stalks,  at  least  in  the 
field,  is  being  looked  upon  with  more  favor  in  the  more  progressive 
regions,  and  in  time  the  corn-harvesting  machiner}^  of  the  United  States 
will  be  employed  in  making  use  of  the  stalks  to  the  best  advantage. 

VARIETIES  OF  CORN   GROWN  IN   ARGENTINA. 

Although  eight  varieties  of  corn  were  recognized  by  the  Argentine 
Rural  Society  in  its  catalogue  for  the  agricultural  show  in  May,  1903, 
only  four  or  perhaps  five  kinds  are  recognized  commercially.  They 
are  here  described. 

KINDS   IMPORTANT   IN   COMMERCE. 

Yellow, — ^This  is  the  common  kind  which  forms  90  to  95  per  cent  of 
the  crop  and  is  practically  the  only  kind  recognized  in  European  mar- 
kets. This  is  a  small  kerneled,  long  and  slender  eared  sort,  very  much 
the  same  as  our  flint  corn.  The  kernels  are  verv  hard  and  smooth, 
but  it  is  a  very  heavy,  rich,  strong  grain  and  it  does  not  absorb  mois- 
ture as  the  softer-grained  varieties  do;  hence  it  stands  a  long  o(*ean 
voyage  better.  It  is  highly  valued  for  distilling  and  for  fattening. 
For  the  latter  pui-pose  it  is  usually  partly  crushed,  as  it  is  so  hard  that 
animals  do  not  masticate  it  readily.  The  plant  is  very  sturdy  and 
prolific,  usually  bearing  two  or  three  eai*s. 

Yellow  corn   goes  by  various  names,   the   most  significant  being 
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'' Cuarenton  "  and ''  Cincuentino/'  from  the  Spanish  words  *'  cuarenta,** 
meaning  forty,  and  ^^cincuenta/^  meaning  fifty.  The  name  is  applied 
signifying  the  number  of  daj^s  required  to  tegin  the  formation  of  ears. 

Marocho. — ^This  is  a  white  corn,  otherwise  somewhat  similar  to  the 
yellow — small,  smooth,  and  flat.  It  is  preferred  for  horses,  as  it  is 
said  to  be  strengthening  without  l)eing  fattening.  It  is  not  equal  to 
the  yellow  corn  for  distilling. 

Polenta. — Polenta  is  a  Piedmontese  variety,  which  originally  is 
small  and  red,  with  a  smooth,  flat  grain.  It  is  used  to  make  meal  for 
table  use,  especially  for  a  sort  of  mush,  of  which  the  Italians  are  very 
fond,  and  from  this  it  gets  itin  name,  the  Spanish  word  **  polenta,*' 
meaning  corn-meal  mush.  After  a  few  crops  this  variety  degenerates 
into  ordinary  yellow  corn  and  fresh  seed  must  be  imported.  It  is  seen 
in  all  degrees  of  purity  and  its  cultivation  is  increasing. 

PisingaUo, — This  is  a  small-kerneled,  small-eared,  white-flint,  chiefly 
from  tropical  regions.     A  very  good  qualit3%  but  little  grown. 

Crlollu. — ''Maize  crioUa,"' or  native  corn,  is  an  inferior  variety, 
grown  in  the  northern  part  of  the  country,  in  the  provinces  of  Cor- 
doba, Santa  Fe,  Corrientes,  and  Entre  Rios.  It  is  yellow,  smaller  than 
the  other  varieties,  smooth,  and  very  hard.  It  is  too  hard  for  hoi-ses 
and  is  of  little  value  for  distilling.  It  yields  poorly,  has  an  extraor- 
dinar}'  amount  of  husk  and  stalk,  and  ripcMis  slowly.  Its  chief  recom- 
mendation is  that  it  is  immune  from  the  attacks  of  locust.s,  unless  they 
get  it  in  tassel,  fresh.  It  is  often  sown  in  cjise  of  failure  of  some  other 
crop,  as  sometimes  happens  with  corn  of  other  varieties.  It  is  sown 
as  late  as  the  1st  of  l)eceml)er  and  requires  sixty  days  to  form  eare. 
The  corn  brings  a  i)oor  price  in  the  market  and  but  little  of  it  is  offered. 

NORTH    AMRRUAN   VARIKTIK8   IX    ARGENTINA. 

Some  of  the  large  North  American  corn,  both  white  and  yellow, 
commonly  called  "horse  tooth''  corn,  has  been  tried  in  Argentina, 
but  it  is  not  yet  popular.  They  think  it  is  not  as  strong  as  the  flint 
varieties  they  have  Ix^en  raising,  and  no  doubt  it  will  not  do  as  well 
when  crowded  as  they  plant  it.  It  is  claimed  that  our  dent  corn 
degenerates  in  Argentina.  But  some  farmers  have  a  desire  to  try 
our  varieties  and  our  system,  and  they  will  soon  get  into  it.  Recent 
experiments,  esj^ecially  the  one  by  Dr.  F.  R.  Cibils,  the  well-known 
Argentine  agricultural  writer,  chief  of  the  Division  of  Commerce  and 
Industries  of  the  Argentine  Department  of  Agriculture,  have  shown 
the  adaptability  and  value  of  North  American  varieties  in  Argentina. 

GOVERNMENT  EXPERIMENTS  ON  VARIETIES. 

An  experiment  was  made  during  the  season  of  11)01-2  with  twelve 
varieties  of  corn,  six  of  them  North  American,  near  Pehuajo,  225  miles 
west  of  the  city  of  Buenos  Aires,  on  the  Western  Railwa}'.  The  results 
were  not  as  satisfactory  as  exjx^cted,  owing,  it  is  said,  not  so  much  to 
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the  lark  of  udaptabilitv"  of  the  varieties  as  to  the  unfavorable  weather 
of  the  season.  The  unusually  heavy  rains  of  October  and  November 
prevented  the  plants  from  getting  a  good  start,  and  at  the  end  of 
December  they  were  injured  by  withering  heat.  Yet  some  good 
results  were  secured,  to  be  the  basis  of  future  experiments.  It  was 
demonstrated  that  the  large  North  American  dent  corn  will  give 
splendid  results  in  Argentina  if  rightly  cultivated  in  seasons  not 
unfav^orable  to  corn  growing. 


TABULATED   RESULTS. 


The  seed  for  this  experiment  was  sent  out  by  the  Division  of  Agron- 
omy of  the  Argentine  Department  of  Agriculture,  after  having  been 
carefully  tested  by  that  division,  which  made  a  report  on  the  seed  from 
which  the  following  information  was  taken.  The  country  from  which 
the  seed  was  brought,  time  of  planting  and  of  ripening,  amount  of 
seed  planted  and  of  yield,  with  other  important  data,  are  presented  in 
tabular  form  for  convenience  of  comparison: 

Cultural  value  f  etc.,  ahown  by  foreign  »e.ed  corn  in  Argentina. 


YELLOW  VARIETIES. 


Variety. 


Queen 

Pe<lriek's  'Jolden. 


Origin  of  seed. 


Nort.h  America . . 
do 


Purity. 


Prret. 
99.38 
99  10 

Golden Italy j    ViAO 

Precious  oi  Auxonne France 99. 12 

Canadian  Flint North  America ... ,    98.10 

CheaterGlant    do 99.20 

Lombardy Italy 95.96 

King  Philip  (brown)  ....    France 99 


Germl- 
native 
power. 


Per  cent. 
9(i.50 
92 
93 

71.50 
85.  .50 
89.50 
(30 
76.  .50 


Weight 

Cultural 
value. 

Weight 

Weight 

per 

of  1.000 

per  hec- 

bushel 

kernelH. 

toliter. 

(Win- 

chester). 

P(T  cent. 

(hincrg. 

Kilo». 

Pound». 

95.90 

10.09 

72.10 

56.01 

91.17 

15. 97 

69.80 

51. '2:^ 

91.51 

6.19 

81.00 

62. 93 

70.87 

5.47 

75.93 

69 

83.88 

10.31 

76.25 

59.24 

88.78 

12.67 

71.00 

55.16 

67.57 

16.11 

71.47 

55.52 

74.75 

10.75 

74.87 

68.16 

WHITE  VARIETIES. 


Hickory  King North  America 


Neapolitan  Grand 
Horse  Tooth 
White  Head 


i  98.80 

Italy j  98.25 

France '  96. 55 

North  America ...  I  99. 40 


97.50 

96.33 

17.55 

69.20 

98 

96.29 

12.86 

72.40 

68 

65.65 

13. 11 

71.93 

78 

77.53 

13.62 

69.00 

53.76 
56. 25 

55.88 
63.60 


The  following  is  a  summarized  statement  of  the  results  with  the 
varieties,  showing  the  time  of  planting  and  ripening: 

Time  of  ripening^  yield,  etc.,  of  foreign  corn  in  Argentina. 

YELLOW  VARIETIES. 


Variety. 


Time  of  planting. 


Queen 

Pedrick'8  Golden , 

Golden , 

Precious  of  Auxonne 

Canadian  Flint , 

ChesterGiant 

Lombardy i  End  of  October 

King  Philip  ( brown) I do 


November  1 

do 
End  of  October. 

December  1 

End  of  October. 
November. 


Seed 
planted. 

Yield. 

Pminda. 

Pounds. 

4.4 

418 

4.4 

330 

4.4 

264 

4.4 

176 

2.2 

88 

2.2 

66 

2.2 

88 

4.4 

209 

Time  of 
ripening. 


May.a 

March. 

April. 

March. 

May. 

March. 

May. 


"  Cultivated  twice. 
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Time  of  r'q>€ning^  jfiM^  etc.,  of  foreign  com  in  Argentina — Continued. 

WHITE  VARIETIES. 


Variety. 


Time  of  planting. 


Hickory  King i  November 

Horse  Tooth I  End  of  October . 

Neapolitan  Grand '  November 

White  Head End  of  October. 


Seed 
planted. 


Yield. 


Pound*. 
2.2 
6.6 
4.4 
4.4 


Time  of 
ripening. 


Pounds. 

165  May. 

176  Mav. 

110  April. 
44         (a) 


a  Irregular  germination. 

All  except  Queen,  Pedrick's  Golden,  and  Precious  of  Auxonne  were 
planted  in  land  that  had  been  used  for  wheat  or  linseed,  mostly  the 
former.  The  three  exceptions  w^ere  planted  in  new  land.  It  is  under- 
stood thft  planting  was  done  with  a  drill,  but  that  the  rows  were 
farther  apart  than  is  customar}'  in  Argentina. 

OBSERVATIONS  OF  FARMER   IN   CHARGE  OP  WORK. 

The  comments  of  the  man  in  charge  of  the  experiment,  who  was  a 
practical  farmer,  are  given  in  substance  as  follows,  touching  each 

v^arietv: 

Qxwen. — Yellow  dent.  Very  productive  and  suitable  to  locality • 
Imperfect  grains  and  incomplete  development  of  ends  of  ears,  but 
would  secure  better  results  by  earlier  planting,  without  such  heavj" 
rains  during  first  two  months  of  growth.  Excellent  for  distilling^, 
feeding,  and  meal. 

PedrlcFs  Golden. — Yellow  dent.  Productive.  Grains  well  devel- 
oped. Defective  ears  attributed  to  unfavorable  weather  in  spring  and 
at  time  of  fertilization.     Will  do  better. 

Golden. — Yellow  flint.  Noted  for  its  resistance  to  drought.  Planted 
in  November  and  December  and  matured  in  three  months,  with  well- 
developed  ears,  even  at  the  ends,  notwithstanding  the  weather. 
Specially  good  for  meal  and  for  porridge. 

Precious  of  Auxonne. — Yellow  flint.  Quick  growing,  three  months^ 
corn.  Ears  not  so  well  formed  and  smaller  yield;  attacked  by  fungus. 
Used  mostly  for  bread  and  porridge. 

Canadian  Flint. — Under  favorable  conditions  will  mature  in  less 
than  ninety  days,  giving  long  ears  of  good  grains,  well  formed  and 
even.  This  variety  is  said  to  be  well  suited  to  the  Argentine  market, 
and  to  be  excellent  for  bread  and  ''polenta,"  or  corn-meal  porridge. 
In  the  present  experiment  the  ears  w^ere  badly  formed  and  were 
attacked  by  insects.  The  variety  is  well  known  in  the  country,  and 
has  done  well  in  many  localities. 

Chester  Giant. — Yellow  dent.  Very  luxuriant  plants,  suitable  for 
green  fodder,  but  badly  developed  ears,  showing  degeneration.  Will 
do  best  in  sandy  soil.     Best  for  fattening  and  distilling. 

Lonihardy. — Yellow  flint.  Excellent  quality,  much  appreciated  for 
*h(»  (juality  of  flour  it  makes  for  bread  and  '* polenta.''     In  this  case 
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the  ears  were  few  and  not  well  developed,  owing  to  the  dry,  hot 
weather  at  the  time  of  fertilization. 

King  PhUip. — Brown,  or  wine-colored,  flint.  Long,  slender  ears, 
and  under  ordinary  conditions  quite  productive.  It  is  well  suited 
to  some  parts  of  the  country,  and  has  been  grown  successfully  in  the 
Provinces  of  Entre  Rios,  Santa  Fe,  and  Cordoba.  Its  color  seems  to 
be  against  it  in  the  market,  though  it  makes  good  feed  for  animals 
and  is  valuable  for  distilling. 

Hickory  King. — White  dent.  Best  of  all  white  varieties  known  to 
experimenter.  Well  suited  to  temperate  climate,  though  it  has  done 
well  in  Cordoba  and  even  as  far  north  as  Bella  Vista,  in  the  Province 
of  Corrientes,  nearly  600  miles  north  of  Buenos  Aires.  The  ear  is 
large,  but  badly  formed  and  undeveloped  at  the  top  and  bottom.  It 
was  not  planted  early  enough  to  get  a  good  start,  and  so  did  not  have 
sufficient  rain  in  its  early  growth;  the  heat  and  drought  retarded  its 
development  and  f nictification. 

Horse  Tooth. — White  dent.  Good  for  all  purposes  for  which  corn 
is  used,  but  in  this  case  the  result  was  not  good.  There  was  a  very 
small  yield  of  inferior  ears,  with  badly  deformed  grains.  It  should 
have  been  planted  earlier. 

Neapolitan  Grand, — White  flint,  {^specially  desirable  for  making 
bread,  and  hence  useful  in  Argentina.  This  result  was  bad;  it  should 
have  been  planted  earlier. 

White  Head. — Seed  lacked  strength  and  gave  bad  results,  no  grains 
being  fit  for  seed.  The  ears  were  uniform,  but  the  grains  were 
deformed  and  degenerate.     It  is  not  of  much  importance. 

GENERAL   RECOMMENDATIONS. 

Pedrick's  Golden  and  Golden  are  recommended  as  the  best  of  the 
yellow  varieties,  and  Golden  is  especially  recommended  because  dent 
corn  is  little  appreciated  in  the  Argentine  markets  at  the  present  time. 
Commenting  on  this  situation,  the  chief  of  the  Division,  Carlos  D. 
Girola,  says: 

It  will  be  an  error  to  abandon  the  cultivation  of  the  dent  corn,  to  which  the 
farmers  of  North  America  are  so  devoted  and  with  which  thev  have  been  so  sue- 
cessful.  We  do  not  understand  why  the  exporters  of  corn  in  this  country  refuse  the 
dent  com,  when  such  a  large  proportion  of  the  production  and  exportation  of  North 
America  is  of  these  varieties,  which  have  been  found  so  useful  for  distilling,  for  feed- 
ing cattle,  and  for  making  flour.  We  should  now  cultivate  these  varieties  for  our 
own  consumption,  for  feeding  animals,  and  for  making  flour.  There  is  no  doubt 
that  this  corn  will  be  extensivelv  cultivated  in  the  future  when  it  becomes  Ijetter 
known  and  appreciated,  and  that  it  will  be  more  favorably  looked  upon  in  the 
markets.    When  we  have  distilleries  it  will  find  ample  use. 

Farmers  are  urged  to  improve  their  methods,  to  plant  the  rows 
farther  apart,  and  to  cultivate  the  corn  with  more  care.  They  are 
assured  that  by  doing  this  they  will  begetting  larger  returns  for  their 
labor  than  in  almost  any  other  way.     "  It  is  a  great  error,"  this  writer 
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says,  "to  suppose  that  by  planting  close  together  a  larger  crop  may 
be  had  or  the  ground  kept  moist  during  dry  weather." 

Speaking  of  the  varieties  and  quality  of  corn  exported  from  Argen- 
tina, Director  Tidblom,  of  the  Division  of  Agriculture  and  Animal 
Industry  in  Argentina,  says: 

European  buyers  of  maize  have,  in  ordinary  years,  a  fancy  for  small-grained  maize 
(com)  and  are  not  sufficiently  influenced  in  favor  of  really  fine  quality  to  pay  an  extra 
price  to  shippers.  Therefore  the  shippers  think  mostly  of  the  condition  and  safety 
for  the  voyage.  If  they  can  get  the  cargoes  home  in  good  order  for  immediate  use, 
and  of  average  color  and  plumpness,  they  are  satisfied. 

CORN   IN   THE   NATIONAL   AGRICULTURAL  SHOW. 

The  agricultural  exposition  given  by  the  National  Rural  Society  in 
Buenos  Aires  in  May,  1903,  was  the  first  of  its  kind  ever  given  in 
Argentina.  Live-stock  shows  on  a  large  scale  hav^e  been  highly  suc- 
cessful for  the  past  eight  years,  but  agriculture  has  received  but  little 
attention.  This  first  attempt  at  a  national  agricultural  exposition 
was  made  in  connection  with  the  annual  fat  stock  and  horse  show.  It 
brought  together  some  excellent  collections  of  grains  and  other  agri- 
cultural products. 

Many  samples  of  various  varieties  of  corn  were  shown,  u.sually  as 
ear  corn.  The  area  from  which  the  corn  exhibits  came  extends  north 
from  Tandil,  in  latitude  37^  south,  205  miles  by  rail  south  of  BuenOs 
Aires — or  about  the  same  as  Richmond,  Va.,  Wichita,  Kans.,  or  San 
Francisco — to  latitude  25^  south,  including  the  remote  northwestern 
province  of  Jujuy  and  the  northeastern  territory  of  Misiones.  These 
latter  are  nearer  the  equator  than  the  most  southerly  point  of  Florida 
or  Texas. 

From  Tandil,  which  is  a  somewhat  higher,  cooler  locality  than  the 
country  farther  west  in  the  same  latitude,  came  some  Morocho  corn,  a 
white  flint  variety,  that  weighed  63.43  pounds  per  bushel  of  shelled  corn 
(81.5  kilos  to  the  hectoliter).^  This  was  considered  very  good,  as  corn 
from  the  south  had  heretofore  been  light.  From  the  Province  of 
Entre  Rios,  on  the  Uruguay  River,  yellow  cuarenton  corn  was  sent  that 
gave  64.49  pounds  per  bushel  on  new  land.  Some  j^ellow  flint  was 
brought  from  Casarcs,  191  miles  southwest  of  the  city  of  Buenos  Aires, 
that  gave  65.2  pounds  to  the  bushel.  From  Francisco  Madero,  on  the 
same  line  43  miles  farther  west,  some  Polenta  corn  was  exhibited  that 
weighed  65.9  pounds  to  the  bushel.  Specimens  of  Morocho  were 
brought  from  southern  Cordoba  and  from  places  not  far  from  Buenos 

«The  quality  of  corn  and  wheat  is  judge<i  in  Argentine  largely  by  its  weight  in 
kilos  per  hectoliter.  The  equivalents  in  weights  per  bushel  are  here  given  for  con- 
venience of  comparison  with  American  corn,  which  weighs  56  pounds  per  bushel  of 
shelled  corn. 
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Aires  that  gave  64.49  pounds  to  the  bushel.  Corn  above  this  weight 
is  considered  remarkable.  Well-f oiined  ears  were  shown  11.8  to  12.6 
inches  long. 

CORN  FROM  TROPICAL  REGIONS. 

Some  corn  from  the  Territory  of  Misiones,  raised  in  about  latitude 
26"^  to  27"^  south,  more  than  200  miles  nearer  the  equator  than  New 
Orleans  and  150  to  200  miles  nearer  than  Galveston,  Tex.,  caused 
some  surprise.  It  was  of  a  fair  qualit}',  not  first-class,  but  good  when 
the  methods  of  cultivation  are  considered.  The  soil  is  a  rich  red, 
hardly  ever,  it  is  said,  less  than  3  feet  deep,  in  many  places  more,  and 
sometimes  as  much  as  30  feet  deep.  The  richness  of  this  soil  may  be 
imagined,  says  the  Rural  Society's  official  report  of  the  exposition,  when 
it  is  known  that  the  method  of  planting  is  to  throw  the  seed  on  the 
ground  without  plowing,  and  then  to  scratch  the  soil  a  little  with  a 
pointed  stick.  This  territory,  the  extreme  northeastern  part  of  Argen- 
tina, is  one  of  the  oldest,  richest  naturall}',  and  yet  least  developed 
and  most  backward  sections  of  the  country.  Its  only  means  of  trans- 
portation to  market  is  the  Upper  Parana  River,  so  the  corn  they  raise 
is  at  present  only  for  local  use — to  feed  a  few  pigs  and  chickens.  If 
with  these  primitive  methods,  without  culture,  corn  of  fair  quality 
can  he  produced,  what  might  be  done  on  this  land  if  corn  was  properly 
planted  and  cultivated,  asks  the  writer  of  this  report.  In  some  places 
this  land  has  been  giving  corn  crops  continually  for  eighteen  years, 
and  producing  ears  nearly  a  foot  long.  If  the  manufacture  of  alcohol 
is  undertaken,  utilizing  some  of  the  great  water  power  in  that  part  of 
the  country,  the  growing  of  corn  will,  it  is  said,  be  greatly  stimulated 
and  will  be  more  profitable. 

The  Province  of  Jujuy,  in  the  other  extreme  of  the  tropical  part  of 
the  country,  sent  some  of  the  small  Pisingallo  corn  and  also  some  excel- 
lent samples  of  the  larger  white-flint  corn,  Morocho. 

A    PROSPECTIVE  CORN   RECilON. 

It  is  predicted  that  the  great  Territory  of  the  Pampa,  southwest  of 
Buenos  Aires,  which  is  already  giving  such  good  alfalfa,  potatoes,  and 
wheat,  will  soon  be  yielding  good  crops  of  corn  in  certain  sections. 
Sir  Thomas  Holdich,  the  English  engineer  who  settled  the  Iwundary 
dispute  between  Argentina  and  Chile,  referred  to  the  Pampa  as  ''the 
granary  of  the  world,"  he  was  so  impressed  by  its  possibilities. 

NORTH   AMERICAN   KINDS  EXHIBITED. 

Some  samples  of  North  American  varieties  shown  by  Dr.  F.  R. 
Cibils,  chief  of  the  Division  of  Commerce  and  Industries  of  the  Argen- 
tine Department  of  Agriculture,  prove  that  the  Argentine  soil  and 
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climate  are  well  adapted  to  the  production  of  these  varieties.  One  was 
a  cross  of  Ohio  Flint  and  Golden  corn,  producing  a  perfectly  formed, 
thick,  heavy  ear,  with  kernels  tightly  set,  fat,  ripe,  and  hard.  This 
crossed  on  White  Mammoth,  "the  favorite  dent,"  produced  a  longer 
ear,  almost  white,  not  quite  as  well  developed  at  the  tip,  but  still  an 
excellent  corn.  Chester  Mammoth  Dent,  yellow,  gave  the  largest  ears, 
about  12  inches  long,  but  not  so  well  formed  nor  as  firm,  and  mixed 
with  white  kernels.  Yellow  Flint  of  Ohio  turned  out  most  satisfac- 
torily, giving  long,  straight,  uniform  ears,  with  thick,  heavy  kernels 
closely  set  and  developed  to  the  very  tip. 

ADVICE  TO   FARMERS. 

The  conclusions  of  the  author  of  the  Rural  Society's  study  of  this 
exposition  is  that  to  the  southwest  of  Ruenos  Aires  and  in  the  southern 
part  of  the  Province  of  Cordoba  are  now  the  best  com  fields. 

Farmers  are  strongly  advised  to  raise  more  com  and  to  raise  hogs 
to  eat  it,  as  the  most  economical  production  of  good  pork  requires  com 
feeding.  On  stock  ranches,  it  is  said,  every  pig  that  is  raised  along 
with  corn-fed  cattle  is  as  good  as  each  cow  giving  another  calf,  and  it 
doubles  the  value  of  the  corn  harvest.  The  loss  of  the  Brazilian  market 
for  Argentine  {X)rk  products  is  attributed  to  feeding  pigs  on  refuse 
and  the  consequent  low  quality  of  pork  sent  to  market.  Even  now, 
the  report  says,  very  inferior  products  are  consumed  in  Buenos  Aires 
when  the  imported  article  is  not  to  l>e  had.  Argentines  are  urged  to 
produce  more  and  better  pork  and  to  do  it  with  corn.  It  is  even 
claimed  that  two  crops  of  corn  might  be  grown  in  a  year,  the  climate 
is  so  favorable. 

THE  EXFOETATION  OF  COEN. 

SHIPPING    FACILITIES   AND  PKOPOSED  IMPROVEMENTS. 

The  facilities  for  handling  grain  in  Argentina  are  inadequate,  caus- 
ing delays  and  losses,  and  increasing  the  burden  which  the  producer 
must  bear  in  getting  his  crop  to  market.  Shippers  must  nearly  always 
wait  some  days  to  obtain  cars,  which  are  distributed  by  towns,  and 
the  railway  companies  generally  require  shippers  to  state  what  ship 
the  consignments  are  intended  for  before  cars  will  be  given  them 
in  the  country  stations  to  load  for  the  seaports,  Buenos  Aires,  Kosa- 
rio,  Bahia  Blanca,  or  La  Plata,  especially  the  first  named.  The  docks 
are  so  crowded  during  the  busy  seasons  that  the  railway  companies 
try  to  provide  cars  first  for  those  who  have  ships  ready  to  load,  pre- 
venting speculators  from  cornering  the  market  and  filling  the  yards 
with  grain  in  order  to  compel  shippers  who  have  ships  waiting  to  pa\^ 
them  an  exorbitant  price  for  the  grain  they  must  have. 
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FREIGHT  CARS   AND   CHARGES. 


The  cars  are  now  being  made  larger  and  several  of  the  principal 
lines  have  many  35  and  some  40  ton  cars;  but  there  are  still  very 
many  10  and  15  ton  English  cars  in  use.  Nearly  all  the  railways  are 
owned  and,  except  for  minor  positions,  operated  b}^  Englishmen.  The 
railway  companies  allow  three  days  for  unloading  cars,  for  which  no 
extra  charge  is  made;  after  that,  $1.70  per  day.  The  port  of  Buenos 
Aires  allows  six  days  free  use  of  its  yards  for  cars  unloading;  after 
that  there  is  a  yardage  charge  of  85  cents  per  axle,  the  cars  having, 
according  to  their  capacity,  from  two  to  four  axles.  No  switching 
charge  is  made.  Weighing  is  12  cents  per  ton  and  loading  on  ship- 
board costs  about  18  cents  per  ton. 

PORTS   OF   BUENOS   AIREH    AND    BAHIA    BLANCA. 

The  port  of  Buenos  Aires  is  so  crowded  that  during  the  busy  seasons 
ships  are  very  often  obliged  tg  lie  two  or  three  deep  alongside  and 
carry  loads  across  each  other's  decks.     This  is  the  more  easil}^  done 
because  grain  is  alwa^^s  in  bags,  and  if  shipped  in  bulk  is  carried 
across  to  the  ship  in  bags  and  the  bags  cut  open  on  board.     Sailing 
vessels  are  not  allowed  to  have  berths  alongside  when  any  steamer 
wants  a  berth.     Very  extensive  improvements  are  in  process  of  con- 
struction by  the  Great  Southern  Railway  Company  in  Buenos  Aires 
and  Bahia  Blanca,  which  will  more  than  double  the  capacity  of  the 
present  docks  and  moles,  the  latter  being  the  form  of  structure  at 
present  in  use  at  Bahia  Blanca.     The  latter  is  a  great  natural   ocean 
port.     Its  immense  advantage  over  Buenos  Aires,  which  is  only  at 
best  a  shallow  river  port,  at  the  mouth  of  the  River  Plate,  will  make 
Bahia  Blanca,  with  the  rich  and  fast-developing  country  around  it, 
the  future  great  port  of  Argentina.     The  port  of  Buenos  Aires  must 
be  constantl}'  protected  by  dredging  and  is  always  liable  to  have  low 
water,  so  that  ships  drawing  more  than  22  or  23  feet  of  water  are  not 
sure  of  being  able  to  get  out.     The  river  is  constantly  building  new 
bars  and  banks  and  adding  to  the  land  with  the  heavy  silt  which  it 
carries.     In  June,  1903,  a  large  European  mail  steamer  was  detained 
four  days  in  the  port  of  Buenos  Aires  because  there  was  not  water 
enough  to  get  out.     The  Federal  Government  has  improvements  and 
extensions  to  the  port  of  Buenos  Aires  under  consideration,  planned 
by  Dr.  E.  L.  Corthell,  the  distinguished  American  engineer,  who  was 
employed  by  the  Government  for  two  years  to  plan  port  works  and 
river  improvements.     These  improvements  will  be  commenced  in  a 
year  or  so,  when  the  necessary  $10,000,000  can  be  secured,  and  will 
then  aflford  ample  room  for  all  business.     The  present  docks  are  built 
of  granite,  and  are  first  class  as  far  as  they  go. 
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RIVER  PORTS. 


The  greatest  shipping  point,  next  to  Baenos  Aires,  at  present,  is 
Rosario  (PL  V,  fig.  2),  188  miles  by  rail  and  much  farther  by  water 
from  Buenos  Aires.  Ships  drawing  24  feet  of  water  can  load  at  Rosa- 
rio by  simply  lying  out  in  the  stream  and  receiving  their  cargoes  by 
means  of  long  chutes  called  "  canaletas"  (PL  VI)  from  warehouses  on 
the  high  banks.  Nothing  more  is  required.  The  Government,  how- 
ever, has  provided  for  the  building  of  docks  there  that  were  planned 
by  Dr.  C!orthell  and  will  cost  about  $10,1K)(),000  gold.  The  work  has 
been  undertaken  by  a  company  that  is  to  have  the  working  of  the 
docks  and  the  custom-house  there  for  a  long  term  of  years  to  pay  for 
the  docks.  The  Government  does  not  put  a  dollar  into  it,  except  agree- 
ing to  keep  the  river  channel  between  Rosario  and  Buenos  Aires  open 
for  ships  drawing  24  feet.  At  present  ships  can  not  safely  load  more 
than  18  feet  in  Rosario,  because  if  they  do  they  are  liable  to  be  detained 
for  days  on  the  bar  at  Martin  Garcia,  near  the  mouth  of  the  river, 
above  Buenos  Aires.  So  the  larger  ships  must  take  part  of  their  loads 
in  Rosario  and  go  to  Buenos  Aires  to  complete,  and  on  going  in 
must  leave  part  of  their  cargoes  in  Buenos  Aires  before  proceeding  to 
Rosario.  The  concessionaries  have  been  for  some  months  in  possession 
of  the  port  of  Rosario,  and  are  preparing  to  enforce  their  monopoly 
and  stop  all  the  cheap  loading  with  chutes.  (See  PL  VII.)  They  are 
now  collecting  all  port  dues,  which  have  been  somewhat  increased. 
Man\'  shippers  expect  to  remove  their  business  to  other  ports  because 
of  the  increased  charges  that  must  necessarily  be  put  on  to  pay  divi- 
dends on  the  costly  improvements  now  in  prospect.  The  Parana  River, 
on  which  Rosario  is  located,  offers  many  natural  ports  for  many  miles 
along  its  high  banks,  and  these  are  being  improved  to  some  extent  and 
made  ready  to  compete  with  Rosario.  Grain  men  think  they  can  pay 
freight  to  any  of  these  small  ports  and  load  there  cheaper  than  they 
can  patronize  the  new  port. 


LACK   OF   ELEVATORS   AND   WAREHOUSES. 


No  conveniences  for  loading  gi^ain  are  provided  in  the  country  sta- 
tions. There  are  no  elevators  and  few  warehouses,  the  latter  almost 
invariably  owned  by  private  parties,  usually  buyers  for  their  own  use. 
There  is  no  public  storage  for  hire,  to  amount  to  anything,  and  if  there 
was  the  farmers  could  not  be  persuaded  to  pay  anything  for  the  use  of 
it.  They  are  very  much  averse  to  paying  out  a  single  cent  that  can 
be  avoided;  they  have  not  been  educated  up  to  the  point  of  spending 
10  cents  to  save  $2,  and  they  follow  the  practice  of  losing  the  $2  nearly 
every  time.  Grain  is  generally  piled  up  in  bags  in  the  station  yards, 
if  cars  are  not  ready,  and  it  often  suffers  damage.  Some  of  the  rail- 
way companies,  especially  the  Great  Southern,  have  erected  sheds  for 
grain.     The  Argentine  Congress  has  just  passed  a  law  requiring  all 


HANDLING   COBN   IN   SHIPMENT.  35 

railway  companies  to  provide  free  shelter  for  grain  offered  for  ship- 
ment. The  law  went  into  effect  on  September  17, 1903,  and  allows  the 
railway  companies  eight  months  in  which  to  build  sheds  in  all  stations 
in  the  agricultural  regions,  as  directed  by  the  Department  of  Public 
Works.  At  the  end  of  this  time  the  railways  will  be  liable  for  heavy 
penalties  for  failure  to  provide  sheds,  and  are  liable  for  all  damages 
to  g-rain  offered  for  shipment  that  is  due  to  lack  of  sheds.  The  rail- 
waj^s  are  prohibited  from  making  any  charges  for  storing  grain  offered 
for  shipment.  This  law  is  the  outgrowth  of  the  shortage  of  oars  for 
handling  the  rapidly  increasing  grain  business,  and  is  intended  to  force 
the  railway  companies  to  handle  the  traflSc  more  promptly.  Elevators 
are  now  being  considered  and  will  be  built  within  a  few  years,  as  soon 
as  mixed  farming  becomes  more  settled  and  it  is  possible  to  say  with 
more  certainty  what  a  section  of  the  country  will  produce  to  give 
business  for  an  elevator  for  any  number  of  years  together.  Immense 
elevators  are  now  being  built  in  Buenos  Aires  and  Bahia  Blanca. 
There  are  several  in  Uosario,  but  they  have  not  been  in  general  use  for 
several  j-ears.  It  is  claimed  the  charges  were  prohibitive.  One  of 
them  has  been  used  by  a  corn-shipping  firm  for  cleaning  and  drying 
corn,  and  with  excellent  results. 

METHODS  OF  LOADING   AND   SHIPPING. 

HANDLING   AT   PORT  OF   SHIPMENT. 

Corn  is  usually  exported  from  Argentina  in  bags  of  about  155 
X)ounds  weight.  A  year  ago  it  was  estimated  that  90  per  cent  of  the 
exportation  was  in  bags  and  only  10  per  cent  in  bulk.  The  proportion 
of  bulk  shipment  is  now  somewhat  greater.  Sometimes  cargoes  con- 
tain both  bagged  and  loose  corn.  In  case  of  separate  parcels  in  a  ship 
belonging  to  different  shippers,  the  bags  are  marked  and  piled 
separately. 

In  Buenos  Aires  and  La  Plata  bags  are  either  carried  on  board  by 
men  or  swung  on  from  cars  alongside  the  docks  by  hj^draulic  cranes 
or  steam  winches.  Corn  to  be  shipped  in  bulk  is  always  carried  on 
board  in  bags  and  the  bags  cut  open  and  emptied  into  the  hold. 

In  Rosario  several  means  are  employed,  chiefly  the  "canaletas," 
which  are  long,  wooden  chutes  made  in  sections  and  swung  on  cables 
from  the  elevator  or  warehouse  on  the  high  bank  to  the  ship  lying  in 
the  stream  below,  as  shown  in  the  illustration  (PI.  VI).  In  some  cases 
grain  has  been  loaded  in  bulk  by  the  same  system,  with  spouts.  In 
another  part  of  the  port,  where  there  are  no  high  banks,  the  hydraulic 
crane  and  steam  winches  are  used  (PI.  V,  fig.  2).  In  the  smaller  ports 
on  the  Parana  and  Uruguay  rivers  the  "canaletas"  are  used. 

At  Bahia  Blanca  grain  is  loaded  by  steam  winches  from  the  cars, 
by  men  cariying  the  bags  on  board,  and  by  a  system  of  endless  chains, 
carrying  the  bags  a  distance  of  about  100  feet  from  the  cars  to  the 
ship's  side,  where  they  are  slid  into  the  hold.     For  handling  in  the  doct 
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the  charge  is  35  cents  gold,  per  metric  ton  of  2,201:. 6  pounds.  For 
handling  from  the  deck,  either  putting  bags  in  the  hold  or  cutting 
bags  open  and  allowing  the  contents  to  fall  into  the  hold,  the  charge 
is  16  cents  gold,  per  ton.  The  commercial  seaport  of  Bahia  Blanca 
is  4.35  miles  from  the  city.  The  railway  company  charges  (jd  cents 
gold,  per  ton  for  switching  cars  from  the  city  yards  to  the  shipping 
port.  Another  railway  company  has  a  mole  also,  and  the  switch- 
ing charge  between  this  mole  and  the  city,  9.31  miles,  over  two  rail- 
ways, is  ^1.8t>  gold,  per  ton.  The  endless  chains,  working  on  two 
ships  at  a  time,  loading  into  all  hatches,  expect  to  load  1,5(K)  tons  of 
grain  per  da}"  into  a  ship.  It  is  a  very  dustv  place,  full  of  fine  sand, 
which  is  very  damaging  to  exposed  machinery  like  this.  The  facilities 
are  greatly  inadequate,  but  extensive  improvements  now  under  way 
include  huge  elevators,  large  docks  in  addition  to  the  present  steel 
mole,  and  UKxlern  equipment  for  loading  in  ])ulk.  The  whole  system 
is  owned  by  the  Great  Southern  Railway  CV>mpany,  the  principal  rail- 
way' of  South  America,  which  controls  transportation  in  the  host  part 
of  Argentina,  and  is  givinir  serious  consideration  to  the  construction 
of  grain  elevators  and  warehouses.  Some  lightering  is  done  at  Bahia 
Blanca  when  the  mole  is  crowdetl  and  ships  are  waiting.  The  lighters 
are  of  350  tons  bunion  and  the  charge  is  3n  cents  per  ton.  The  bags 
are  lifted  from  the  lightei's  by  steam  winches  on  board  the  ships.  Port- 
able elevatoi*s  are  never  use<l. 

(HEAX   TRAXS|»GRTATIOX    AND   CHARCiES. 

Corn  exported  from  Argentina  to  Euro|)e  and  England  is  generally 
carried  in  tramp  steamers  of  from  2,5<K>  to  6,UM)  tons  burden,  that 
require  about  thirty-five  days  for  the  vo\-age.  Some  shipments  ai"e 
made  in  liners  or  mail  steamers,  requiring  only  twenty -one  to  twent3"- 
four  da^'s  for  the  voyage.  A  very  small  an)ount  goes  in  sailers,  which 
require  seventy  to  one  hundred  days  to  go  to  Europe,  quite  too  long- 
for  grain  shipments.  Liners  are  preferi-ed  on  account  of  their  quick 
service,  and  they  often  taike  corn  at  low  rates  for  ballast  when  the 
freight  market  is  dull.  Sailing  vessels  take  corn  to  South  Africa  be- 
cause, owing  to  favorable  winds,  they  are  able  to  make  the  voj'age 
from  the  River  Plate  in  twenty-five  to  twenty -eight  days.  Steamers 
do  it  in  fifteen  to  eighteen  days — usually  fifteen. 

The  condition  of  the  freight  market  constantly  varies.  Crop  con- 
ditions, the  wool  market,  favorable  weather  for  handling  corn,  the 
demand  for  tonnage  to  Brazil  and  South  Africa,  as  well  as  to  the  River 
Plate  countries — all  these  things  and  other  influences  affect  the  supply, 
character,  and  price  of  tonnage  from  Argentine  ports  to  Europe. 

Liners  bring  general  cargoes  from  Europe  and  carry  back  grain, 
hay,  frozen  or  chilled  meat,  and  other  produce.  They  can  not  wait 
for  cargoes,  hence  sometimes  make  liberal  offers  for  business.  Tramp 
steamers  do  a  great  variety  of  things,  as  the  season  and  conditions 
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suit  them.  If  they  are  assured  in  advance  of  a  profitable  return  cargo 
they  will  come  out  from  Europe  in  ballast,  when  the  demand  for  ton- 
nage for  other  parts  of  the  world  permits  them  to  do  so.  Frequently 
they  bring  coal,  and  sometimes  general  or  special  cargoes.  Often 
they  bring  cargoes  to  Brazil  and  go  to  the  River  Plate,  1,100  miles, 
or  five  days'  voyage,  in  ballast.  Recently  quite  a  number  have  been 
going  to  South  Africa  loaded  and  crossing  to  Argentina  in  ballast. 
Sailers  go  in  ballast  to  some  United  States  or  Canadian  port  and 
load  lumber  for  Argentina. 


CARE   IN  TRANSIT. 


Sometimes  temporary  wooden  bulkheads  are  put  in  front  of  the 
engine  room,  leaving  an  air  chamber  a  foot  wide,  which  is  kept  full 
of  fresh  air  to  prevent  heating  the  corn.  But  this  is  an  unusual  pre- 
caution, not  the  rule.  Indeed,  it  is  claimed  that  the  corn  next  to  the 
bulkheads,  where  there  is  most  heat,  often  comes  out  the  best.  Occa- 
sionally a  ship  will  be  lined  with  straw  matting  or  matting  made  of 
the  tall  rushes  that  grow  in  the  Parana  River,  but  this  also  is  the 
exception,  especially  as  most  of  the  corn  is  bagged. 


RAILWAY    FREIGHTS. 

Freight  rates  in  Argentina  are  high,  compared  with  the  United 
States.  The  i'ailwa3's,  being  nearl}^  all  English  and  owned  by  the 
same  group  of  capitalists,  have  long  and  very  favorable  concessions 
from  the  Federal  Government,  under  the  supervision  of  which  they 
all  are. 

The  rates  on  corn  on  one  of  the  principal  lines  were  as  follows  in 
1902: 

Freight  rates  by  rail  in  Argentina. 


Number 
of  miles. 


2r> 

100 
•JOO 
:i(.)0 

400 
i'HX) 
J)00 
700 

vH(K) 
900 


Rate  per 

bushel  in 

United 

States 

cents. 


2.74 
3.92 


Number  of 
bushels 

carried  for 
41  cents. 

at  bushel 
rate. 


14.96 
10. 4.') 


6. 

8. 

11. 


10 
92 
03 


6. 
4. 
3. 


12.99 
14. :« 


15. 
17. 


76 
13 


IS.  .TO 

19.87 


72 
59 
71 
3.15 
2.S5 
2.  tJU 
2.39 
2. 21 
2.06 


These  rates  are  a  trifle  higher  than  those  in  force  on  some  other 
lines  traversing  corn  regions.  Rates  on  Argentine  railwa\'s  are 
quoted  in  Argentine  gold  per  1,000  kilos  (2,204  pounds),  and  are 
divisible  in  fractions  of  10  kilos.  Very  little  corn  in  Argentina  is 
shipped  more  than  200  miles  by  railway,  and  most  of  it  less  than  100 
miles. 
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Freight  rates  on  corn  in  the  United  States  in  1900,  according  to 
statistics  published  by  this  Department,  were  as  follows,  in  cents  per 
bushel: 

Chicago  to  Baffalo  by  lakes,  1.71. 

Buffalo  to  New  York  by  canal  and  river,  2.31. 

Chicago  to  New  York  by  lakes,  canal,  and  river,  4.02. 

Chicago  to  New  York  by  lake  and  rail,  6.44. 

Chicago  to  New  York,  all  rail,  9.19. 

Atchison,  St.  Joseph,  Kansas  City,  or  Leavenworth  to  Chicago,  16  cents  per  100 
pounds,  or  8.96  cents  per  bushel. 

Atchison,  St  Joseph,  Kansas  City,  or  Leavenworth  to  St.  Louis,  11  cents  per  100 
pounds,  or  6. 16  cents  per  bushel. 

St.  Louis  to  New  Orleans  by  river  (in  sacks),  10  cents  per  100  pounds,  or  5.6  cents 
per  pushel. 

Rates  at  present  in  force  from  Iowa  points  to  Chicago  are  17  cents  per  100  pounds, 
or  9.52  cents  per  bushel,  in  carload  lots. 


OCEAN   FREIGHT  RATES. 

Ocean  freight  rates  on  corn  from  River  Plate  ports  vary  considera- 
bly according  to  the  condition  of  the  freight  market.  Now  the  range 
is  from  8  to  20  shillings  per  shipping  ton  of  2,200  pounds.  The  charter 
rate  from  Buenos  Aires,  in  good  tramp  steamers,  is  at  present  about  13 
to  17  shillings  per  ton.  From  upriver  points,  such  as  Rosario  or  San 
Lorenzo,  the  rate  is  usually  one  shilling  sixpence  to  three  shillings 
higher  because  steamers  may  not  always  load  to  their  limit  there,  but 
must  stop  at  Buenos  Aires  to  finish.  They  can  not  get  across  the  bars 
on  the  way  down  with  a  full  load  drawing  more  than  18  feet,  except  at 
unusual  stages  of  the  river. 

Kates  in  shillings  per  shipping  ton  of  2,200  pounds  converted  into 
cents  per  bushel,  United  States  money,  are  as  follows: 


88.  per  ton  equals  4.95c.  per  bu. 

lOs.  i)er  ton  equals  6. 19c.  i>er  bu. 

128.  per  ton  equals  7.43c.  j)er  bu. 

148.  per  ton  equals  8.67c.  per  bu. 

158.  per  ton  equals  9.29c.  i^er  bu. 


168.  per  ton  equals  9.91c.  per  bu. 
17s.  per  ton  equals  10.53c.  per  bu. 
18s.  per  ton  equals  11.15c.  per  bu. 
208.  per  ton  equals  12.38c.  per  bu. 


The  range  of  ocean  freight  rates  on  corn  from  New  York  and  Bos- 
ton to  European  ports  during  May,  1903,  was  as  follows,  in  cents  per 
bushel: 

(kean  freights  on  com  from  InUed  States  to  Europe, 


To 


From  New 
York. 


Liverpool 
London  . . 


Glasgow 

Hull 

Bamburfc . . . 
Rotterdam . . 
Marseille  ... 
Copenhagen 

Havre 

Genoa 


3.04 

2. 02  to  s!  54 

3.04 

5.67 

4. 76  to  5. 23 

3.00 

6.06 

8. 11  to  9. 12 

9.12 


From  Boston. 


i  8.04 

4.05 

3. 04  to  4. 0& 
6.  OS 

5. 06  to  6. 08 
5.0fr 


8.U 
V.  66  to  5.06 
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EXTENT  OP  EXPORTS  OF  CORN  FBOM  ABOENTINA. 

Argentine  exportation  of  corn  from  1886  to  1902,  inclusive,  has  been 
vs  follows,  in  bushels,  with  the  valuation  in  United  States  money  i 

TUal  txporU  oj  tximfrom  Argentina,  ISSe  to  190S. 


Calendar  yean. 

Quantity. 

Value. 

Calendar  yeam. 

QuanUly. 

Value 

05 

Butkelt. 

S:S:S 

M.7S0,fiM 
iB,230,KB7 
4»,»U,3M 
2a.079,(M5 
a,  788. 911 

MI 

68S 

11 

1903  (estimated  Nov.  5) 

The  distribution  of  Argentine  corn  exports  for  1902  to  the  several 
countries  of  destination  is  shown  in  the  following  table: 


Countrieg  importing  Argentitie  co 

m  in  190S. 

.«.,.  j: 

Bushel*. 

'ilSaSila,:::: 

4,252.870  [l  other desU 
z.Wfl.066  '1  For  orders 
966, 914 

a06,7SI 

74,445 

>  Including  all  otberEaropeaDoonntrleiand  South  ACrlea. 
6  Caigoes  going  to  St.  Vincent  lo  recelTe  orders  to  proceed 
be  camo  baa  been  placed  during  the  voya^  ' 

INSPECTION. 


)  proceed  to  some  Bumpean  or  English  porl.  where 
the  Birer  Plate  (o  St.  Vincent. 


There  is  no  Government  inspection  of  corn  in  Ai^ntina,  for  export 
or  for  any  other  purpose.  The  Argentine  Department  of  Agriculture 
has  studied  the  subject,  and  (shippers,  shipowners,  and  grain  as^sooia- 
tions  have  been  consulted,  but  nothing  has  eomo  of  it  beyond  the 
resolve  to  create  a  commission  to  look  into  the  matter  when  the  funds 
for  such  purpose  can  be  spared.  Grain  exporters  have  not  taken 
kindly  to  the  idea.  They  do  not  want  any  Government  interference 
with  their  business.  Those  who  are  taking  the  necessary  precautions 
and  shipping  nothing  but  grain  they  know  will  go  through  without 
loss  do  not  require  any  iiispe<-tion.  Those  who  are  in  a  speculative 
trade,  taking  chances  on  buying  poor  grain  at  a  low  price,  hoping  to 
make  a  large  profit  if  it  arrives  in  fair  condition,  do  not  want  the  Gov- 
ernment to  injure  their  business  by  inspecting  and  grading  this  corn 
for  what  it  appears  to  be  before  exportation.  Often  they  lose  lieavily 
on  these  speculative  cargoes,  but  the  profit  is  so  great  if  they  succeed 
in  getting  them  across  without  further  damage  that  they  will  take  long 
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risks.  Cargoes  arriving  in  bad  condition  often  recover  and  are  sold 
at  better  prices  than  the  arbitration  allowances.  It  is  quite  difficult, 
as  the  Argentine  Government  officials  have  found,  to  get  the  results 
of  experience  that  has  cost  shippers  thousands  of  dollars  to  acquire. 
They  prefer  to  go  on  quietly  making  use  of  it  themselves,  leaving 
others  to  learn  in  the  same  way  they  did.  But  during  a  year's  time 
the  writer  found  many  opportunities  to  learn  and  observe  the  methods 
employed  by^  the  most  successful  and  conservative  shippers  of  corn 
from  Argentine  porta  to  England  and  the  Continent.  They  were  quite 
willing  to  answer  questions,  and  were  kind  enough  to  afford  means  for 
personal  inspection  of  the  details  of  their  shipping  arrangements. 

PRIVATE   INSPECTION. 

The  only  grain-inspection  system  in  Argentina  that  is  accepted  in 
Europe  and  England  is  that  established  and  conducted  by  an  English- 
man who  served  formerly  as  the  English  Government  inspector  of 
hay,  bran,  etc.,  bought  in  Argentina  for  the  army  in  South  Africa. 
This  gentleman  inspects  all  kinds  of  gi*ain  and  hay  for  foreign  buyers, 
and  owing  to  his  long  experience  in  Europe,  the  United  States,  Aus- 
tralia, and  Argentina,  and  to  his  conservative  and  thorough  policy, 
his  certificates  are  accepted,  and  cargoes  passed  by  him  have  so  far 
arrived  in  good  condition.  Offices  are  maintained  in  the  principal 
ports  of  export,  and  inspectors  are  sent  to  other  ports  and  to  inland 
stations  to  receive  grain  and  hay.  Another  inspection  is  made  of 
grain  and  hay  received  in  country  stations  before  it  is  loaded  on  ship- 
board, because  of  the  danger  of  damage,  especially  to  hay,  en  route 
from  the  couutr}^  stations  to  the  seaboard.  The  prices  charged  for 
corn  inspection  range  from  1  to  3  cents  per  bushel,  according  to  the 
port  or  place  of  inspection  and  the  amount  of  work  required.  When 
this  system  is  not  employed  grain  is  sold  from  Argentina  to  Europe 
on  ''rye''  or  ^*tale  quale''  terms. 

URADIXG    CORN   FOR   P:XPORT. 

There  is  little  grading  of  corn  in  Argentina  for  export,  except  such 
as  is  done  by  individuals.  Corn  that  is  suitable  for  export  is  tnown 
as  ^'export  type,'-  being  generalh'  the  small-gmined,  hard  yellow  or 
white,  and  dry  and  sound.  Beyond  these  general  requirements  there 
is  no  conmion  standard  in  the  Argentine  markets.  Every  buj'er  fixes 
his  own  standard  according  to  his  own  ideas  to  fit  the  market  in  which 
he  expects  to  sell.  Corn  is  usually  shipped  under  the  denomination, 
"fair  average  quality  at  time  and  place  of  shipment,  shipped  in  good 
order  and  condition."  If  the  grain  is  exceptionally  good,  it  is  desig- 
nated as  ''prime  qualitv."  In  all  cases  it  must  be  sound,  clean,  and 
dry  enough,  in  the  opinion  of  the  inspector,  to  stand  the  voyage  and 
arrive  at  destination  in  good  order. 


GRADES    AND    PRICES. 
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In  the  local  markets  there  are  three  regular  grades  of  the  two  jjrin- 
cipal  kinds  of  corn  known  to  commerce.  Both  ''  Maize  Morocho,"  or 
white  corn,  and  ''Maize  Amarillo,"  or  j-ellow  corn,  are  graded  as 
follows:  (1)  Good  to  superior;  (2)  inferior  to  ordinary;  (3)  expor- 
tation type. 

PRICES. 

The  white  corn  has  usually  brought  a  trifle  better  price  than  the  yel- 
low, but  more  of  it  is  now  being  produced  than  formerly  and  the  price 
is  about  the  same.  The  mnge  of  prices  is  not  very  wide.  Corn  is 
alwa3's  sold  by  the  100  kilos,  equal  to  220  pounds  avoirdupois.  A  sam- 
ple quotation  will  show  how  the  prices  ranged,  though  at  present  there 
is  not  the  difference  in  the  prices  of  yellow  and  white  corn.  The  quo- 
tations given  here  were  in  force  in  May,  1902. 

Prices  of  com  in  Argentina  in  190'^. 


Kind  of  com. 


Price  per  100  kilos  in  Argeii-     Price  per  bushel  in  United 
tine  paper  money.  i  States  money. 


White: 

Good  to  superior. . . 
Inferior  to  ordinary 
Exportation  type . . 

Yellow: 

Good  to  superior. . . 
Inferior  to  ordinary 
Exportation  type  . . 


Lowest. 


S5.80 
5.00 
6.35 

6.20 
4.40 
5.35 


Highest. 

Average. 
96.00 

Lowest. 

Highest, 
to.  70 

$6.30 

90.64 

5.80 

6.50 

.65 

.64 

5.70 

6.50 

.59 

.63 

6.00 

6.50 

.68 

.67 

5.50 

5.00 

.49 

.61 

6.40 

6.35 

.59 

.60 

Average. 


$0.67 
.61 
.61 

.61 
.55 
.59 


These  quotations  range  from  49  to  YO  cents  per  bushel  in  United 
States  mone}',  the  export  yellow  selling  for  about  59  cents  per  bushel. 
At  this  time  corn  w^as  selling  in  Chicago  for  57.3  cents  per  bushel  and 
in  New  York  for  03. 3  cents  per  bushel. 

In  July,  1903,  the  prices  in  Argentina  for  the  best  export  corn  were 
around  '^  Argentine  paper  per  100  kilos,  or  equal  to  about  44  cents 
per  bushel  in  United  States  money.  This  is  about  10  per  cent  lower 
than  the  prices  at  the  same  time  in  1902.  The  prices  in  Buenos  Aires 
November  7,  1903,  were  from  31  to  40  cents  per  bushel,  or  40  to  41 
cents  for  the  best  export  type,  about  20  per  cent  lower  than  on  the 
same  date  in  1900. 

The  average  prices  for  corn  in  the  Buenos  Aires  market  for  six 
years  ending  with  1901  is  given  officially  by  the  Argentine  Depart- 
ment of  Agriculture  as  follows,  in  cents  per  bushel,  United  States 
money : 

Cents.  Cents.  Cents. 

1896 24.55  I  1898 v....  34.31  '  1900 37.23 

1897 44.44  |  1899 30.42  ,  1901 48.62 

The  prices  for  1902  were  not  available,  but  the  average  was  not  far 
from  that  of  1901. 
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IMPORTANGE  OF  DRYNESS  IN  CORN  FOR  EXPORT. 

The  chief  care  of  the  sbippei*  of  corn  from  Argentina  is  to  secure 
dryness,  and  that  vital  quality  is  harder  to  obtain  than  any  other.  It 
is  not  too  much  to  say  that  three-fourths  of  the  losses  on  Argentine 
corn  going  to  Europe  have  been  due  to  the  dampness  of  the  grain 
before  it  left  the  River  Plate.  The  shipper  has  a  constant  fight  to 
avoid  receiving  corn  that  is  full  of  moisture;  to  keep  it  dry  after  he 
has  received  it;  to  get  it  on  board  ship  in  the  same  condition;  and  then 
to  get  the  ship  out  of  the  River  Plate  before  the  cargo  has  absorbed 
much  of  the  humidity  that  prevails  there  during  the  greater  part  of 
the  shipping  season.  If  the  ship  in  which  corn  is  loaded  gets  away 
within  fifteen  or  twenty  days  after  she  begins  to  load,  and  the  loading 
has  been  done  with  dry  grain  in  dry  weather,  and  the  hatches  of  the 
ship  are  securely  battened  down  and,  as  nearly  as  possible,  hermeti- 
cally sealed  during  the  entire  voyage,  the  general  opinion  among  the 
most  successful  shippers  now  is  that  there  is  practically  no  danger  of 
damage  to  the  cargo  during  the  voyage.  They  have  largely  abandoned 
the  ventilation  theory. 

tX)NDITION8  UNFAVORABLE  TO   DRYNESS  AND  CLEANNX8B. 

But  many  difficulties  arise  to  prevent  sending  away  corn  under  these 
favorable  conditions.  First,  there  is  the  f aultj^  cultivation  and  harvest- 
ing, already  referred  to.  Owing  to  these  causes  corn  is  slower  to 
ripen  and  dry  in  the  field  than  it  should  be  and  the  inability  of  the 
farmers  to  get  help  for  the  gathering  prevents  them  from  husking 
their  corn  before  the  rains  of  June,  July,  and  August  have  soaked  it. 
The  exception  to  this  is  the  early  corn  that  is  gathered  and  marketed 
too  soon.  A  comparatively  dry  winter  is  of  great  advantage  to  all 
who  are  interested  in  corn,  but  it  is  the  exception".  Of  course  there 
is  no  snow. 

Shippers  of  corn  usually  send  inspectors  to  the  country  stations  to 
examine  the  quality  of  grain  offered.  This  is  done  with  a  long  tube,  or 
spear,  the  same  kind  that  is  used  for  testing  wheat.  It  is  thrust  into 
the  bag,  bringing  out  a  section  of  the  contents  and  showing  its  quality 
all  the  way  through.  This  testing  is  done  as  the  bags  are  being  carried 
from  the  pile  to  the  railway  car,  and  it  may  be  done  again  in  the  port. 
It  requires  considerable  exertion  and  the  sense  of  touch  of  the  inspec- 
tor is  likely  to  become  dulled  after  a  time,  especially  if  the  condition 
of  the  corn  varies  much  and  a  large  pioportion  has  to  be  rejected  for 
dampness.  Inspection  is  also  often  made  in  the  ''troja,"  or  crib, 
before  the  corn  is  shelled,  as  the  dryness  of  the  cobs  plays  a  very 
important  factor  in  the  dryness  of  the  grain  after  shelling  and  it  is  easier 
to  make  sure  about  it  in  advance.  The  cobs  being  dry  and  shelling 
being  done  in  dry  weather,  the  maximum  of  security  is  obtained;  but 
dry  weather  is  not  always  to  be  had  when  machines  are  available. 
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£very  effort  is  made  to  get  the  corn  on  board  ship  as  soon  as  possible 
after  it  is  shelled,  but  the  country  roads  are  generally  bad  at  this  sea- 
son of  the  year,  there  is  diflSculty  in  getting  cars,  and  often  delay  occurs 
in  the  port  while  the  ship  waits  for  her  berth  to  load.  All  this  time  the 
corn  is  absorbing  moisture  more  or  less.  A  few  shippers  have  tried  to 
minimize  the  bad  effects  of  this  system  by  cleaning  and  drying  the  corn 
to  some  extent  before  shipping.  The  shelling  machines  in  use  remove 
the  dirt  very  well,  unless  the  corn  is  wet  when  shelled;  but  a  great 
amount  of  ^^  fluff,"  or  chaff,  is  left  with  it,  and  this  helps  to  create  heat 
on  board  ship.  Aside  from  this,  Argentine  corn  comes  to  market 
fairly  clean  and  not  many  complaints  are  heard  on  this  score.  Still, 
it  is  generally  agreed  among  those  who  are  well  informed  that  it  would 
be  very  much  better  if  corn  could  be  put  through  a  cleaner  or  elevator 
for  the  removal  of  dirt,  dust,  and  chaff  that  comes  out  easily  within  a 
few  days  after  shelling. 

CLEANING   CORN   BKFORfi  SHIPMENT. 

In  Rosario  two  leading  grain  houses  clean  corn  before  shipping, 
chiefly  to  take  out  the  "fluff,"  which  they  say  contributes  very  much 
to  the  chance  of  heating  on  the  voyage.  One  firm  has  leased  an  eleva- 
tor at  a  low  rental  and  uses  no  heat.  They  get  an  astonishing  amount 
of  chaff  and  small  pieces  of  cob  out  of  the  corn — almost  enough  to 
furnish  fuel  for  the  engine  that  runs  the  elevator.  This  is  one  of  the 
most  conservative  English  firms,  and  is  very  careful  not  to  buy  com 
on  which  there  is  a  risk.  They  shipped  many  thousands  of  tons  last 
year  and  not  a  single  cargo  went  wrong. 

Another  house  that  does  a  very  large  business  has  put  in  an  appa- 
ratus to  dry  as  well  as  clean  the  corn.  It  is  heated  by  hot  air,  and  then 
passed  through  dry,  cool  air  to  take  out  the  heat.  But  this  is  not 
altogether  a  success,  because  a  certain  amount  of  heat  remains  in  the 
grain  as  it  goes  on  board.  It  would  not  pay  either  of  these  firms  to 
put  corn  through  elevators  at  the  current  charges,  the}^  say,  and  no 
others  do  it.  There  is  no  kiln-drying.  The  cost  of  fuel  would  pre- 
vent it,  if  nothing  else  did. 

UNCERTAINTIES  IN  THE  TRADE. 

The  most  perplexing  uncertainty  exists  in  regard  to  the  shipment  of 
corn.  It  may  appear  to' be  dry,  and  yet  not  be.  Sometimes  when  it 
is  not  it  stands  the  voyage  with  but  little  harm.  Heating  and  fer- 
mentation are  produced  by  different  causes  and  may  be  chargeable  to 
qualities- of  the  grain  or  to  surrounding  conditions.  The  line  is  not 
always  honestly  or  intelligently  drawn  between  harmless  sweating  and 
injurious  fermentation.  Complaints  are  made  of  the  decisions  of  the 
arbitrators  in  Europe  and  England,  that  they  have  not  so  distin- 
guished, and  that  cargoes  have  been  sacrificed  at  much  greater  loss 
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than  the  true  conditions  warranted.  It  has  been  suggested  that  arbi- 
trators should  be  supplied  with  samples,  and  should  establish  a  stand- 
ard distinguishing  between  corn  that  is  really  damaged  and  that 
which  has  only  been  discolored  by  the  heating  of  the  oil  in  the  grain 
without  damage  to  the  starch  therein.  Isolated  bags  of  bad  corn  may 
get  in  among  many  which  itre  in  good  condition  and  cause  great  dam- 
age in  spots.  The  imperfect  formation  of  starch  in  corn  in  backward 
seasons,  which  can  only  be  determined  by  chemical  analysis,  is  another 
cause  contributing  to  fermentation  on  the  vo3'^age.  All  these  condi- 
tions have  increased  the  reluctance  of  the  Argentine  Department  of 
Agriculture  to  undertake  to  inspect  and  certif}'  to  the  character  of 
corn  or  other  grain  without  having  a  thorough  scientific  study  of  the 
conditicms  made,  with  sufficient  careful  experimentation  to  remove  all 
doul)ts. 

VENTILATION    DURINO   THE   VOYAGE. 

Of  one  thing,  however,  the  officials  of  the  Department  who  have 
studied  the  problem  are  quite  certain — that  ventilation  of  a  cargo  of 
corn  during  the  voyage  is  a  very  great  error.  This  is  the  chief  point 
of  discussion  among  those  interested  in  the  grain  trade,  but  the  great 
majority  of  evidence,  opinion,  and  practice  is  now  against  ventilation, 
as  far  as  shipments  from  Argentina  are  concerned.  Concerning  the 
risks  of  the  voyage,  Sefior  Don  Ronaldo  Tidblom,  chief  of  the  Division 
of  Agriculture  and  Animal  Industry  in  the  Argentine  Department  of 
Agriculture,  has  given  me  the  following  statement: 

For  what  is  called  **  ventilation"  during  the  sea  voyage  it  is  customary  to  intro- 
duce damp  sea  air  into  the  ship's  hold:  and,  indeed,  if  such  "reasonable  precau- 
tions" are  omitted,  the  shipowner  is  liable  to  damages  for  the  heating  of  a  cargo; 
although  it  is  really  absurd  to  think  that  then;  is  any  really  effectual  ventilation  of 
a  mass  of  grain,  unless  an  elaborate  system  of  i)ipes  l)e  provided  for  forcing  air 
into  every  i)art  of  the  holds:  and  practically  this  is  impossible  with  bagge<l  cereals 
when  the  sj)ace8  l)etween  the  bags  are  filled  with  loose  grain  for  l)etter  storage. 

The  state  of  the  weather  during  the  time  of  shipment  is  of  great  importance; 
because  grain  coming  from  the  interior  may  absorb  c(msidera!)le  moisture  while 
waiting  in  railway  cars  or  lying  in  the  oi)en  holds  of  a  steamer  for  some  weeks  at 
various  river  porta  during  a  si>ell  of  damp  weather.  It  is  difficult  to  see  how  this  can 
bt^  avoided  when  steamers  collect  cargo  at  uj)-river  ports,  or  wait  for  cars,  because  of 
the  intense  dampness  of  many  days  and  of  nearly  all  ^rly  mornings  during  the 
winter. 

The  absorjKion  of  moisture  could  be  greatly  avoi(k»d  if  all  cars,  on  arrival,  were 
discharged  into  closed  warehouses,  from  which  grain  could  be  loaded  with  great  dis- 
patch by  means  of  covered  chutes,  and  the  injurious  effects  of  moisture  would  not 
have  to  be  feared  if  the  grain  were  kiln-dried  before  loading.  Unfortunately,  these 
closed  warehouses  and  kilns  have  vet  to  be  built. 

Under  the  prest»nt  conditions,  after  maize  hius  collecte<i  moisture,  perhaps  for 
weeks,  at  the  sealx)ard  the  steamer  proceeds  to  tropical  seas,  where  not  only  is  the 
action  of  the  sun  upon  the  iron  decks  very  severe,  but  also  the  water  is  hot  and  the 
air  exceedingly  damp.  The  hatches  are  renioved  occasionally  and  the  ventilators 
are  at  work  day  and  night  pouring  in  fresh  dam])  air.  The  i<iea  is  that  **  heated  air 
will  escape  in  the  form  of  injurious  gases,"  but  what  really  happens  is  that  it  is 
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replaced  by  air  containing  oxygen,  which  assists  in  fermentation,  just  as  fresh  air 
assists  in  combustion  in  a  furnace.  If  the  holds  were  closed  the  air  would  soon  be 
exhausted  of  oxygen  and  the  process  of  fermentation  would  be  corresj^ndingly 
reduced. 

It  must  also  be  borne  in  mind  that  heat  alone  will  not  injure  maize  and  that  a 
moderate  amount  of  iieat  will  evaporate  a  sufficient  amount  of  moisture  from  a  cargo 
during  the  voyage  to  improve  it  considerably  if  there  has  not  l>een  active  fermenta- 
tion. It  is  remarkable  that  Argentine  maize  carried  in  bunker  holds,  where  it  is 
subjected  to  moderate  heat  during  the  voyage,  usually  arrives  in  better  order  than 
the  rest  of  the  cargo.  On  the  other  hand,  that  part  of  a  cargo  which  is  under  the 
direct  action  of  the  ventilating  shafts  is  always  in  the  worst  condition.  It  is,  there- 
fore, not  surprising  that  even  good  maize  often  fails  to  stand  the  ordeal  of  an  extended 
ocean  voyage,  more  particularly  as  it  is  shipped  in  cold  weather  and  discharged  in 
hot,  or  vice  versa. 

A  great  majority  of  shippers  whose  views  were  obtained  and  whose 
practices  were  observed  were  opposed  to  ventilation.  There  appears 
to  be  a  modification  of  the  ironclad  rule  of  shipowners  requiring  ven- 
tilation, as  stated  by  Seiior  Tidblom;  since  much  corn  is  shipped  with 
strict  orders  not  to  open  the  hatches,  which  are  sealed  as  tightly  as 
possible.  The  English  firm  in  Rosario,  referred  to  previously,  sends 
all  its  cargoes  that  way. 

OPINIONS  OP  AN   EXPERT. 

The  most  thorough  study  of  the  question  of  handling  corn  that  has 
been  made  in  Argentina  was  that  of  Mr.  William  Goodwin,  F.  R.  G.  S., 
now  retired  and  living  in  England.  He  was  a  little  more  than  two  years 
ago  one  of  the  leading  grain  exporters,  and  at  the  same  time  inspected 
gi*ain  and  hay  for  shipment  by  others  to  Europe.  He  had  a  very 
large  clientage  in  Europe  and  England  and  his  certificates  and  opinions 
were  received  as  authority.  Having  lived  for  many  years  in  Argen- 
tina he  had  excellent  opportunities  for  observation  and  study,  which 
he  used  with  good  results.  Mr.  Goodwin  has  written  numerous  let- 
ters and  circulars  to  the  grain  trade  giving  his  experience  and  opinions 
about  the  best  means  of  shipping  corn  to  avoid  loss  by  heating  on  the 
voyage.  He  has  gone  to  the  root  of  the  trouble — the  bad  system  of 
cultivation — and  in  a  formal  article  in  the  oflScial  bulletin  of  the 
Argentine  Department  of  Agriculture  he  gives  much  good  advice  to 
corn  raisers  in  Argentina.  One  of  their  worst  mistakes,  he  says,  is  in 
planting  more  than  they  can  properly  care  for  or  harvest.  They  begin 
gathering  too  early,  before  there  is  any  frost  to  perfect  ripening,  and 
later  are  unable  to  get  help  to  gather  in  the  best  months.  The  husk- 
ing is  carelessly  done,  often  on  rainy  days  and  early  in  the  morning 
when  it  is  wet,  and  wet  husks  and  dirt  are  taken  with  it.  Farmers 
are  advised  to  undertake  no  more  than  110  to  130  acres  to  a  family  and 
work  it  better. 

Often  it  is  impossible  to  fill  a  ship  with  a  good  quality  of  corn,  and 
at  last  the  cargo  is  completed  with  grain  that  should  never  have  gone 
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in.  Probably  the  ship  has  been  waiting  for  many  days,  badly  and 
slowly  loaded,  with  open  hatches  in  wet  weather.  She  may  be  over- 
loaded at  Rosario  and  have  to  wait  a  week  or  more  for  high  water  to 
cross  the  bar  at  Martin  Garcia,  just  above  Buenos  Aires.  In  this  way 
the  cargo  is  given  every  opportunity  to  absorb  moisture  before  sailing. 
This  generally  results  in  heavy  losses  at  the  point  of  destination. 

Mr.  Goodwin  is  quite  sure  that  if  ripe  Argentine  corn  is  shelled  in 
dry  weather  and  loaded  promptly  on  a  ship  sailing  at  once,  with  the 
hatches  tightly  closed  during  the  entire  voyage,  there  will  be  no 
trouble  at  destination.  He  says  it  is  "not  only  richer  in  food  constit- 
uents, but  of  much  better  carrying  nature  than  either  North  American 
or  Danubian  maize."  Shipments  must  be  made  from  Argentina  before 
summer,  because  in  the  intense  heat  the  '"•  maize  fly,"  or  *'palomita,'' 
and  various  micro-organisms  develop.  Besides,  the  wheat  crop  is  then 
demanding  the  attention  of  the  farmers,  and  wool  shipments  are  at 
their  height. 

Under  date  of  March  10,  1901,  Mr.  Goodwin,  in  a  circular  to  the 
grain  trade,  expressed  the  following  opinions  concerning  the  shipment 
of  corn  and  ventilation  on  board: 

A  seed  grain  must  be  considered  as  a  living  entity,  composed  of  minute  cells, 
although  its  activity  of  life  can  be  suspended  for  a  long  time  under  certain  conditions; 
and  we  must  study  the  most  practical  and  economical  method  of  providing  those 
conditions. 

It  may  be  roughly  said  that  moisture,  air  (oxygen) ,  and  sufficient  heat  are  neces- 
sary for  animal  or  vegetable  life,  including  micro-organisms,  and  that  the  active  life 
of  a  t*eed  can  be  su8i)ended  for  a  time  if  any  one  of  the  three  be  withheld. 

Of  course  the  l)est  thing  to  do  with  grain  is  to  make  it  really  dry  and  keep  it  so; 
but  apart  from  the  difficulty  of  this  work  in  damp  weather,  on  farms  or  in  ordinar}' 
warehouse:^,  it  must  be  rememl)ered  that  grain,  especially  maize,  absorbs  moisture 
from  the  atmosphere,  and  also  that  somebody  loses  money  when  grain  loses  weight. 
Furthermore,  there  is  a  point  l)eyond  which  drying  is  unnecessary  for  the  after 
processes  of  milling,  etc.;  and  it  may  be  more  economical  to  exclude  the  second 
factor,  air. 

At  this  point  we  come  to  consider  the  reasons  for  what  is  called  ventilation  on 
board  ship  and  to  note  that  when  grain  is  thoroughly  exposed  to  air  it  does  not 
suffer  from  an  excess  of  heat,  as  for  instance,  when  in  thin  layers  on  a  warehouse 
floor,  or  when  bags  are  stowed  in  oi)en  order,  and  in  that  way  it  is  protected  from 
fermentation,  but  not  from  nioldiness. 

The  ventilation  in  a  steamer's  hold  has  a  very  local  and  partial  effect  on  the  entire 
mass  of  grain,  and  was  designed  for  letting  out  gases,  being  advisable  for  coal  cargo^ 
but  without  any  scientific  reason  for  grain  cargoes;  and  cargo  surveyors  say  that  the 
gn^atest  amount  of  damage  is  to  l)e  found  within  range  of  the  ventilators,  the  least 
being  at  the  bottom  of  the  hold  where  there  is  least  access  of  air,  of  course  always 
supposing  the  grain  to  be  of  similar  quality  and  condition.  In  fact,  it  may  be  said 
that  ventilation,  if  thorough,  is  effective,  but  if  partial  is  very  dangerous. o 


« In  another  and  subsequent  article,  of  an  official  character,  Mr.  Goodwin  said:  "It 
is  dangerous  to  trust  ventilation  to  any  one  but  an  expert.  It  is  easy  to  let  out  heated, 
expanded  air,  but  if  cold,  damp  air  is  admitted  it  will  increase  the  fermentation.  If 
a  competent  person  was  in  charge,  possibly  a  little  ventilation  during  hot  and  dry 
weather  might  be  good,  but  as  a  rule  it  is  to  \>e  guarded  against.'* 
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Heal,  tbe  tliircl  fiKtor,  msy  come  from  the  sun,  but  on  board  ship  may  be  the 
result  of  some  grains  germinating,  or  else  it  comes  from  direct  fermentation.  The 
heat  generated  in  brewers'  vats  is  well  known,  and  Pasteur  demonstrated  that  it  is 
microbic  action,  but  we  do  not  always  consider  that  the  mechanical  action  of  a  grow- 
ing seed  develops  a  considerable  amount  of  heat,  and  this  heat  may,  in  a  grain  cargo, 
cause  fermentation. 

The  investigation  of  what  is  called  heating  of  grain  is  complicated  early  in  the 
season  by  what  is  called  '* sweating,''  a  natural  process  happening  at  uncertain 
periods,  which  has  so  far  not  been  scientifically  explained.  We  know  from  experi- 
ence that  grain  is  improved  by  sweating  and  loses  moisture,  so  that  fresh  grain  may 
sweat  on  board  ship  and  yet  arrive  in  good  order;  also,  that  it  should  not  be  dis- 
turbed during  the  process,  but  it  is  sometimes  difficult  in  practice  to  distinguish  from 
fermentation,  and  further  information  is  badly  wanted. 

In  another  circular  Mr.  Goodwin  said: 

Ventilation  (before  shipping)  is  especially  necessary  for  the  removal  of  the  fluff 
and  the  mealy  dust  w^hich  comes  from  the  point  of  the  maize  grains,  which  can  not 
be  properly  removed  at  the  time  of  shelling  and  causes  much  of  the  heating  after- 
wards. A  few  frosts  are  always  to  be  counted  on  to  kill  the  plants:  but  there  is 
nothing  answering  to  the  winters  of  the  United  States;  although  during  October  and 
November  the  weather  is  almost  always  suitable  for  shipments,  and  by  that  time  the 
grain  has  become  dry.  With  December,  however,  comes  wheat  harvest  and  also 
considerable  heat,  which  develops  weevils  and  maize  fly,  and  prevents  the  carrying 
over  of  grain  to  another  year;  so  that  under  the  present  conditions  of  the  trade  there 
are  only  some  three  months  of  entirely  good  weather  for  shipping  an  export  surplus 
that  may  any  year  amount  to  ?,000,000  ton8.« 

ANTISEPTIC  GRAIN   STORAGE. 

In  September,  1900,  Mr.  Goodwin  published  the  following  letter  in 
London  advocating  the  shipment  of  corn  in  chambers  sterilized  with 
carbonic  acid  gas: 

Business  men  are  sometimes  slow  in  making  practical  use  of  scientific  discoveries: 
and  although  a  large  quantity  of  grain,  and  especially  Argentine  maize,  that  is 
shipped  in  apparently  good  condition,  arrives  in  Europe  heated  and  decayed,  the 
real  cause  of  this  trouble  does  not  seem  to  be  studied  according  to  the  lights  of  mod- 
em science;  nor  is  the  fact  that  Indian  peasants  can  keep  their  grain  for  many  years 
in  underground  pits  appreciated  properly. 

Some  twenty -five  years  ago  Pasteur  demonstrated  that  fermentation  does  not  result 
from  the  generation  of  gases,  but  from  the  action  of  living  microbic  organisms;  and  it 
is  now  known  to  bacteriologists  that  some  95  per  cent  of  the  germs  which  cause  fer- 
mentation in  grain  require  oxygen  as  well  as  a  certain  amount  of  heat  and  moisture 
for  their  development.  It  is  also  known  that  under  favorable  conditions  their  rate 
of  increase  is  prodigious. 

The  vitality  of  these  germs  can  be  suspended  by  a  sufficiently  low  temperature,  as  is 
done  in  refrigerator  chambers  for  fresh  meat;  and  although  it  is  impracticable  to 
apply  cold  storage  to  cargoes  of  grain  it  should  be  easy  to  sterilize  the  air  in  the 
holds  of  a  steamer  sufi&ciently  to  retard  fermentation  without  causing  any  injury 
to  the  grain  or  to  the  crew,  if  suitable  precautions  are  taken.  On  the  other  hand, 
what  is  called  "  ventilation"  of  the  holds  is  surely  a  grave  error  if  Pasteur  is  right, 
and  must  assist  fermentation  just  as  the  admission  of  fresh  air  assists  combustion  in 
a  furnace. 


oThe  exportation  of  the  present  year  will,  it  is  estimated,  equal  that  amount 
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It  is  interesting  to  note  the  arrival  laat  week  in  London,  free  from  weevils  and  in 
perfect  condition,  of  a  cargo  of  Ai^ntine  maize  which  appears  to  have  been 
treated  antiseptically ;  and  this  has  occurred  at  a  time  when  all  other  Argentine  maize 
cargot»fi  are  arriving  in  bad  order  and  when  claims  for  damage  during  the  voyage 
have  been  settled  for  some  £12,000  in  one  week. 

Attention  has  been  called  to  this  cargo  Ijecause  a  grain  sampler,  who,  without  per- 
mission, removed  the  hatches  of  one  of  the  holds  and  went  down,  l)ecame  ini^ensible 
and  died  forty-eight  hours  afterwards  from  the  effectv«<  of  inhaling  carbonic  acid  gas. 
Evidence  was  given  at  the  inquest  to  the  effect  that  the  maize  had  l)een  sprinkled 
during  shipment  with  some  chemical  preparation  and  that  the  holds  had  lx?en  kept 
closed  during  the  voyage.  A  verdict  of  accidental  death  was  given,  but  the  jury 
censured  the  shippers  for  using  chemicals  and  the  captain  of  the  steamer  for  having 
allowed  them  to  do  so,  and  also  for  having  neglecto<l  to  ventilate  the  cargo;  a  ver- 
dict that  may  have  un[)leasant  after  consequences,  because  of  j>recedenti5  established 
by  the  rulings  of  judges. 

About  three  years  ago  the  owners  of  the  steamship  BeUisco  were  condemned  to 
heavy  damages  IxM^ause  some  of  the  hatches  and  ventilators  were  closed  during  the 
voyage;  and  many  steamship  owners  immediately  gave  their  captains  notice  that  they 
must  l)e  able  to  prove  that  ventilation  had  been  provided  and  used,  notwithstamiing 
any  instructions  to  the  contrary  on  the  [>art  of  shippers  of  the  cargo. 

Chemists  say  that  inexpensive  compositions  of  a  j^erfectly  harmless  nature  in  their 
after  effects  on  human  food  can  l)c  use<l  to  sterilize  an  air  chamber — that  is,  either  to 
consume  or  drive  out  the  oxygen  contained  in  atmospheric  air — and  that  their  appli- 
cation to  the  holds  of  a  steamer  or  to  suitable  warehouse  silos  would  onlv  neeil  rea- 
sonable  precautions:  but  it  is  very  desirable  that  some  joint  action  be  taken  by  grain 
trade  and  steamshi])  associations,  not  only  to  arrange  for  a  careful  study  of  the  entire 
subject  in  order  to  ascertain  what  methods  are  safe  and  etticacious,  but  also  to  pro- 
tect, as  far  as  i)ossible,  from  unfair  legal  penalties  shipj)ers  and  others  who  make  the 
necessary  experiments;  Ix^cause  when  juries  or  arbitrators  have  to  decide  on  cases  of 
death  by  misjid venture  or  damage  to  produce  there  is  always  a  tendency  to  deal 
harshlv  with  anv  departure  from  old  methods. 

The  logical  seijuence  of  Pasteur's  discovery  should  be  a  radical  change  in  the 
method  of  storing  grain,  and  indeed  nearly  all  other  food  products;  and  it  would 
api)ear  that  the  air  in  storage  chambers,  at  sea  or  on  land,  can  be  more  economically 
sterilized  with  carbonic  acid  gai*  than  by  any  refrigerating  i)roce«?s.  The  subject 
being  of  national  imi)ortance  calls  for  proper  investigation. 


o 


Argentina:  Pbovinces,  Rivers,  Railways,  and  Pbincipal  Citi 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 


Report  No.  77. 


ALFALFA  AND  BEEF  PRODUCTION 
IN  ARGENTINA. 


FRANK     "W.    BICKNELL, 


WASHINGTON; 

QOVBRNMKNT    PRINTINti    OFFICE. 

1904. 


ABOENTINE  TERMS  AND  MEASX7KES  USED. 

For  the  convenience  of  the  reader  in  the  Unit<*(l  States  all  terms  and  uieasares 
employed  in  this  reiK)rt  have  l>een  converted  into  terms  employed  in  the  Unite<l 
States,  except  where  otherwise  expn^ssly  Rtattnl.  Some  t4*nns  and  exprej^sions  in 
nse  in  Argentina,  or  having  a  Hi)ec*ial  meaning  there,  are  m^casionally  used,  and 
these  are  herewith  explained. 

Money. — All  expressions  of  valne,  nnless  otherwise  stated  at  the  time,  have  )>een 
converted  into  United  States  currency.  The  Argentine  gold  dollar  is  worth  $0.9(y) 
in  United  States  currency.  The  paper  dollar,  which  is  the  general  circulating 
medium,  is  worth  alxint  44  cents  of  our  money.  All  transactions  in  Argentina 
are  in  paper  money  unless  gold  is  s^iecified. 

Metric  s  stem. — The  metric  system  of  weights  and  measures  is  in  use  in  Argen- 
tina, and  is  the  only  legalized  system.  Some  of  the  old  Spjinish  or  local  t«»rm.s  are 
still  in  use,  however,  esi)ecially  in  the  country.  The  kilo,  abbreviation  <if  the 
word  kilogram,  is  the  standard  unit  of  weight,  and  is  eipial  to  2.204G  iK)iinds 
avoirdui>ois. 

iMtid  meuHuremeutH. — The  official  unit  of  land  measurement  is  the  hectare.  e<iual 
to  2.471  acres.  A  "  stiuare  "  of  land  is  equal  to  4.17  acres,  and  this  old  term  is  in 
very  general  use.  The  common  understanding  of  the  "  league  "  of  land  is  a  sijuare 
league,  equal  to  6.672  acres.  A  kilometric  league  of  land,  the  official  measure- 
ment, is  e([ual  to  2,500  hectares,  or  6,178  acres. 

Kataneia  and  entaneiero. — An  estancia  is,  primarily,  a  stix'k  ranch,  and  the 
owner  and  oi)erator  is  an  estanciero.  But  the  estancia  may  include  other  things. 
It  may  also  be  a  breeding  establishment  or  that  <mly.  It  may  deal  in  cattle,  horses, 
or  sheep,  or  all  three,  either  for  sale  in  the  open  markets  for  l)eef  or  mutton,  or 
for  feeding  stock,  or  for  bn»eding  purposes,  or  all  these.  Cereal  prwluction  and 
hay  making  may  l)e  added  to  these,  and  sometimes  this  may  Ik?  the  most  imiH)rtant 
part  of  the  estanc^ioro's  business.  So  in  translating  it  is  imiK)ssible  to  say  in  a  single 
word  just  what  is  meant.  In  this  rei)ort  the  words  estancia  and  ranch  have  lieen 
used  synonymously,  also  the  words  estanciero  and  ranchman. 

Chuera  and  ehacairro.—A  chacra  is  a  farm  on  which  cereals  or  other  crops  are 
raised,  as  distinguished  from  the  estancia  or  stock  ranch.  The  chacarero  is  the 
farmer  or  man  who  operates  a  chacra. 

Camp, — In  Argentina  people  sjx^ak  of  tlie  country  outside  t)f  the  cities  as  the 
**  camp. "  They  say,  **  I  am  going  to  the  camp."  where  we  would  say.  **  I  am  going 
t<^)  the  country."  The  word  is  also  used  in  siK>aking  of  the  land — as,  for  instance, 
**  My  camp  is  in  good  condition,"  or  "  The  alfalfa  camps  are  holding  out  well." 

Alfalfar. — An  alfalfa  field. 

Frigorijivo. — A  meat-packing  establishment  where  cattli»  and  sheep  are  slaugh- 
tered and  the  carcasses  either  frozen  or  chilled  for  export. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  op  Animal  Industry, 
Washington,  D.  C,  January  S,  1904. 

Sir:  I  have  the  honor  to  submit  herewith  a  report  upon  the  influence  of  alfalfa 
upon  beef  production  in  Argentina,  to  which  I  have  added  some  late  information 
concerning  the  market  for  pedigreed  stock  in  that  country.  The  opportunity  for 
our  breeders  was  never  as  promising  there  as  it  is  now.  I  therefore  respectfully 
suggest  that  this  report  be  printed  for  the  guidance  of  the  breeders  of  the  United 
States  who  may  wish  to  enter  that  market.  Argentines  are  very  eager  to  secure 
first-class  breeding  stock,  and  the  English  breeders  who  have  been  supplying  the 
demand  have  found  the  business  highly  profitable. 

'    This  report  is  supplemental  to  my  bulletin  on  ' '  The  animal  industry  of  Argen- 
tina," printed  as  Bulletin  No.  48,  Bureau  of  Animal  Industry. 

Acknowledgment  should  be  made  to  the  following-named  gentlemen  in  Argen- 
tina, whose  intelligent  and  willing  cooperation  made  this  report  possible:  John 
Benitz,  Glynne  Williams,  Eduardo  Bullrich,  William  O.  Benitz,  Henry  B.  Coffin, 
Leonardo  Pereyra,  Ronaldo  Tidblom,  Alfredo  Benitz,  Dr.  Enrique  Fynn,  jr., 
Arturo  Bab,  Adolf o  Aymerich,  Alfredo  Sanders,  J.  Charles  Pearson,  Latham 
Hall,  Nicolas  Calvo,  and  C.  A.  Roberts. 

Respectfully,  Frank  W.  Bicknell, 

Special  Agent  and  Agricultural  Explorer, 
Hon.  Jamks  Wii^oN, 

Secretary. 
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ALFALFA  AND  BEEF  PRODUCTION  IN  ARGENTINA. 


ALFALFA  OBOWDTG  AKD  ITS  BELATIOH  TO  CATTLE  BAISIHO. 

INTRODUCTION. 

Without  alfalfa  Argentina  would  occupy  an  unimportant  place  as  a 
beef  producer  in  tlie  markets  of  the  world.  Alfalfa  has  redeemed  to 
profitable  use  millions  of  acres  of  Argentine  land  that  would  other- 
wise be  unproductive.  Alfalfa  sends  the  Argentine  steer  to  market 
a  year  younger  than  when  the  native  grasses  were  relied  upon  exclu- 
sively. In  many  places,  especially  in  the  northern  part  of  the  coun- 
try, it  has  made  money  for  the  small  farmers,  or  "colonists,"  who 
have  cut  it  and  sold  it  for  hay  for  export  or  for  domestic  use.  Cat- 
tle raisers  have  learned  its  value  in  a  dry,  cold  winter,  when  the  pas- 
tures have  failed,  and  but  for  the  alfalfa  hay,  put  up  by  the  provident 
against  such  an  emergency,  hundreds  of  thousands  of  cattle  would 
starve.  Hut  this  marvelous  forage  plant  is  valuable  in  Argentina 
chiefly  because  it  gives  a  rich  fattening  pasture  on  land  that  is  other- 
wise of  small  value.  Alfalfa  is  the  only  plant  that  will  send  its  roots 
down  deep  enough  to  get  the  moisture  necessary  to  growth. 

GROWING   OP   ALPAr.FA   AND  PRICK   OP   LAND. 

It  is  the  ambition  of  nearly  every  ranchman,  or  estanciero,  to  get 
as  mucli  of  his  place  into  alfalfa  as  possible,  and  the  area  of  alfalfa 
pasture  is  increasing  enormously  every  year.  In  some  sections  it  is 
still  in  an  experimental  stage  and  in  others  it  has  proved  a  failure,  at 
least  for  pasturage ;  because  *'  tosca,"  a  limestone  formation,  is  too  near 
the  surface  of  the  ground  or  because  native  summer  grasses  over- 
come it.  But  the  failure  of  wheat  in  the  northern  part  of  the  Province 
of  Santa  Fe  (PI.  I,  frontispiece)  has  driven  small  farmers  to  turning 
their  wheat  farms  into  alfalfa  fields  or  to  moving  to  another  part  of 
the  country,  either  to  raise  cereals  under  more  favorable  conditions 
or  to  go  into  alfalfa  where  experiments  have  shown  that  it  will  suc- 
ceed. Farmers  in  the  same  region  who,  instead  of  putting  all  their 
land  into  wheat  or  flax,  have  planted  alfalfa  and  corn  and  raised  cat- 
tle have  done  well.  As  soon  as  a  brief  experiment  demonstrates  the 
^aptability  of  a  new  region  to  alfalfa,  there  is  a  grand  rush  to  get  in. 
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Lan<l  jumps  up  incredibly  in  value;  tliousands  of  acres  often  change 
hands  several  times  in  a  year,  with  valuations  doubled  at  each 
exchange.  This  was  the  case  in  1002  with  lands  in  the  central  part 
of  the  Province  of  San  Luis,  425  miles  by  rail  west  of  the  city  of 
Buenos  Aires.  It  was  found  that  alfalfa  would  grow  very  well  tht*re, 
and  the  lands  were  wanted  by  men  owning  large  cattle  ranches  (PI.  II) 
in  the  Province  of  Buenos  Aires,  where  they  could  not  afford  to  fatten 
their  steera.  They  wanted  cheap  alfalfa  lands  to  which  they  could 
send  their  young  steers  to  fatten  and  on  which  they  could  breed 
othera. 

Alfalfa  for  pasturage  for  fattening  cattle  is  not  grown  so  much  in  the 
Province  of  Buenos  Aires,  where  land  is  most  valuable  and  the  country 
most  settled.  There  are  several  reasons  for  this,  the  chief  ones  being 
that  they  have  good,  rich,  native  summer  and  winter  grasses  (PI.  Ill) 
and  do  not  need  the  alfalfa  so  much,  and  these  native  grasses  exter- 
minate alfalfa  in  a  few  years.  Besides,  the  winters  are  longer  and 
colder  in  Buenos  Aires  than  in  the  alfalfa  regions  north  and  north- 
west, and  land  for  alfalfa  is  much  more  expensive  in  "the  Queen 
Province,"  as  Buenos  Aires  is  called. 

METHODS  AND  PROFITS  IN   GRAZING  ALFALFA. 

The  system  now  generally  coming  into  vogue  is  to  raise  feeders  in 
the  Province  of  Buenos  Aires  and  in  the  far  north,  to  be  t^ken  to  the 
alfalfa  camps  (fields)  to  fatten.     In  the  south  of  Buenos  Aires  the 
winters  are  so  long  and  severe  that  it  is  not  the  rule  to  fatten  steers, 
but  to  sell  them  at  2  years  of  age  to  go  to  the  alfalfa  camps  for.  eight 
to  twelve  months'  feeding.     Estancieros  in  southern  Buenos  Aires 
say  that  unless  steers  are  hous(Ml  there  they  have  very  little  chance 
of  becoming  fat.     Still  I  have  seen  some  very  good  looking  Kt.ee rs, 
Polled  Angus  and  Shorthorn,  in  this  neighborhood,  20  miles  e^st  of 
La  Colina,  which  is  a  little  less  than  300  miles  south  of  the  city  of 
Buenos  Aires. 

The  following  is  the  opinion  of  an  alfalfa  ranchman  of  wide  expe- 
rience and  notable  success  in  the  Provinces  of  Santa  Fe  and 
Cordoba  :^ 

You  can  buy  a  league  (6,672  acres)  of  virgin  land  for  $11,000,  or  $1.65  per  acre 
and,  by  spending  as  much  more  in  putting  it  into  alfalfa,  have  a  ranch  that  will 
carry  3,000  cattle  and  keep  them  practically  fat  all  the  year  round,  with  very 
little  risk  from  drought  or  severe  winters.  These  provinces  that  grow  alfalfa  so 
easily  (Cordoha,  Santa  Fe,  San  Luis,  and  western  Buenos  Aires)  are  the  future 


«  Mr.  John  Benitz,  who  went  from  California  to  Argentina  thirty  years  ago, 
and  with  his  brothers,  William  and  Alfre<l,  has  been  very  successful  with  alfalfa 
and  cattle.  On  their  home  estancia,  "  La  California,'*  about  70  miles  northwest 
of  the  city  of  Rosario,  they  were  the  pioneers  in  the  planting  of  alfalfa,  and  were 
among  the  first,  if  not  the  first,  to  have  a  league  of  it.  The  one  quoted  is  now 
working  about  60,000  acres  in  alfalfa  in  southern  Cordoba. 
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grazing  lands  of  the  Republic.  It  is  astonishing  what  large  areas  are  taken  up 
every  year  and  turned  into  alfalfa,  to  be  stocked  \vith  the  l>est  cattle  to  be  pur- 
chased in  the  Province  of  Buenos  Aires.  Cattle  develop)  here  better  than  on  the 
finest  natural  grasses  of  the  Province  of  Buenos  Aires. 

THE   REGION   OF  ALFALFA   GROWING. 

Alfalfa  is  grown  all  ov^er  the  Province  of  Santa  Fe,  except  in  the 
extreme  northern  part,  north  of  latitude  30°  south;  in  all  the  Province 
of  Cordoba  south  of  the  city  of  Cordoba  and  in  mountain  valleys 
north  of  the  city;  in  most  of  the  Province  of  San  Luis,  where  it  is 
fast  increasing;  in  the  northern  part  of  the  Territory'  of  the  Pampa; 
more  or  less,  either  for  liay  or  grazing,  in  the  entire  Province  of 
Buenos  Aires,  especially  in  the  west  and  north  (PI.  IV,  fig.  1) ;  to  some 
extent  in  the  Province  of  Entre  Rios,  where  it  has  not  done  so  well; 
in  the  irrigated  and  fertile  valleys  of  the  rivers  in  the  southern  terri- 
tories of  Rio  Negr(>,  Neuquen,  and  Chubut  to  a  limited  extent;  and 
small  areas  in  the  northern  provinces  of  Mendoza  and  San  Juan.  It 
is  at  its  best  in  southern  Cordoba,  Santa  Fe,  San  Luis,  and  western 
Buenos  Aires. 

SEASON   AND   METHODS   OF  SEEDING   WITH   ALFALFA. 

Most  of  the  seeding  with  alfalfa  in  Argentina  is  done  in  the  fall,  in 
the  months  of  March  and  April,^'  where  it  is  sown  alone,  or  two  or 
three  months  later  where  sown  with  cereals.  The  difficulty  of  prepar- 
ing large  areas  for  sowing  early  in  the  fall  operates  to  postpone  the 
sowing,  as  the  great  saving  in  expense  leads  farmers,  especially  estan- 
cieros,  or  large  stock  farmers,  to  sow  with  wheat  or  flax,  or  sometimes 
barley  or  corn.  Harvesting  and  thrashing  cereals  are  hardly  finished 
during  January  and  February,  and  hauling  to  market  is  not  done 
till  the  end  of  February  or  well  into  March.  This  makes  it  difficult 
and  expensive  to  get  the  land  plowed  for  alfalfa  sowing  in  March  or 
April.  Besides,  the  land  is  likely  to  be  too  hard  to  plow  till  after  the 
first  fall  rains.  There  is  no  doubt,  however,  that  the  best  results  are 
secured  by  sowing  at  this  time  and  without  the  nurse  crop.  The  heat 
of  the  summer  is  over  by  the  last  of  March,  and  the  alfalfa  plants  get 
a  good  start  l)efore  frost  and  the  dry  winter  months  of  tlie  northern 
region.  In  the  spring  the  alfalfa  is  strong  enough  to  smother  any 
grasses  or  weeds  that  may  come  up.  This  is  the  general  opinion  over 
the  country,  though  one  veiy  successful  alfalfa  grower  in  the  Pi-ovince 
of  Buenos  Aires,  not  far  from  the  city,  sows  in  August  or  September. 
His  land  is  more  sandy  and  probably  does  not  encourage  the  growth 
of  weeds  to  the  extent  that  stronger  soils  do. 


*'  It  must  be  rememlwired  thronghout  this  report  that  the  seasons  are  those  of  the 
southern  hemisphere,  the  reverse  of  seasons  in  the  United  States. 
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SOWING   ALFALFA   WITH  A  COVER  CROP. 

A  great  majority  of  the  ranchmen  of  Argentina  who  raise  alfalfa 
consider  the  advantages  of  sowing  it  in  June  or  July  with  wheat  or 
flax  to  be  so  great  that  a  very  large  part,  probably  three- fourths,  is 
sown  that  way.  The  objection  to  this  plan  is  that  the  plants  do  not 
get  a  good  start  in  this  sometimes  dry  and  always  cold  season;  tliat 
the  wheat  chokes  the  alfalfa  back  until  after  the  wheat  is  cut,  when 
the  rain  and  heat  stimulate  weeds  that  sometimes  overcome  the 
alfalfa.  The  same  amount  of  seed  sown  without  a  nurse  crop  will 
give  more  and  better  plants  than  with  it. 

But  when  a  ranchman  has  a  lai'ge  area  that  he  can  get  into  alfalfa 
in  two  or  three  years  without  any  expense  to  himself,  the  land  paying 
him  an  income  in  the  meantime,  he  is  very  likely-  to  adopt  that 
method,  though  it  does  not  give  quite  as  heavy  a  stand  of  alfalfa  at 
first.  For  the  man  who  is  short  of  working  capital  there  is  no  other 
practical  way.  The  system  prevails  all  over  the  country  where  cereals 
and  alfalfa  do  well  in  the  same  region,  but  is  less  followed  in  the  south 
of  Cordoba,  the  best  alfalfa  country,  and  not  at  all  in  the  newer 
regions  in  San  Luis.  Ranchmen  (estancieros)  in  the  Province  of 
Buenos  Aires,  who  have  large  areas  in  native  grasses,  are  turning  the 
land  over  to  colonists,  or  renters,  who  raise  wheat  on  it  for  two  or 
three  yeara,  under  a  contract  that  requires  them  to  sow  alfalfa  with 
the  wheat  the  last  year,  the  seed  furnished  by  the  landowner.  Thus 
he  gets  the  l>est  results  with  wheat,  and  the  land  is  handed  back  to 
him  covered  with  alfalfa.** 

So  much  of  this  has  been  done  that  it  has  led  many  cattlemen  to 
the  opinion  that  agriculture  is  onl}^  transitory,  and  that  the  future  of 
Argentina  depends  upon  cattle  and  alfalfa;  but  they  admit  now  that 
they  must  have  corn  to  finish  their  steers.  An  English  estanciero, 
Mr.  Glynne  Williams,  who  has  a  largo  place  near  Coronel   Suarez, 

«Sefior  Ronaldo  Tidblom,  Director  of  the  Argentine  Bureau  of  Animal  Industry, 
gives  the  following  account  of  an  operation  of  his  own  as  a  practical  estanciero: 

**  I  have  sown  42,000  acres  of  camp  with  wheat  and  alfalfa  in  the  south  of  Cor- 
doba and  Santa  Fe,  where  I  could  only  keep  1,200  breeding  cattle  per  kilometric 
league  (6,178  acres) ,  with  a  gross  profit  of  $308,012,  with  a  total  expense  of  $308,741 
and  net  profit  of  $99,271,  said  camp  having  now  a  carrying  capacity  of  from 
6,250  to  7,000  breeding  cattle  per  kilometric  league.  The  pastoral  grass  is  burned, 
the  land  plowed  and  well  harrowed  in  October,  November,  December,  January, 
and  February;  it  is  plowed  deeply  a  second  time  in  May,  June,  or  July,  harrowed, 
the  wheat  seeded  thin,  and  again  harrowed;  the  alfalfa  is  then  seeded  at  22  pounds 
per  acre,  the  land  harrowed  with  chain  harrows  and  then  rolled.  The  alfalfa 
germinates  more  or  less  at  the  same  time  as  the  wheat;  the  wheat  is  harvested  in 
December  and  cut  as  low  as  possible,  and  the  land  is  allowed  to  lie  until  the  fol- 
lowing September  or  October,  our  spring,  when  it  is  eaten  bare  by  cattle,  and  is 
then  ready  to  produce  hay  or  pasture,  as  may  be  desired.  This  is  the  means  of 
increasing  five,  ten,  and  even  fifteen  fold  the  carrying  capacity  of  thinly  grassed 
rough  lands,  giving  a  profit  during  the  transformation." 

JThis  is  a  more  elaborate  system  than  that  in  general  use.  however. 
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about  300  miles  south  of  the  city  of  Buenos  Aires,  where  he  carries  on 
mixed  farming,  wrote  in  May,  1903: 

Last  year  I  harvested  30  bushels  of  wheat  per  acre  on  a  piece  where  this  year  I 
have  very  good  alfalfa,  while  the  alfalfa  which  I  sowed  with  the  wheat  last  year 
looks  extremely  well  to-day.  The  advantages  of  sowing  with  wheat  are  obvious 
in  the  saving  of  another  plowing  and,  far  more  than  this,  in  the  saving  of  time  and 
having  the  alfalfa  for  the  winter  after  the  wheat  is  cut,  which  is  the  time  when 
feed  is  most  wanted.  Until  I  see  far  more  decided  advantages  than  I  do  at  present 
in  sowing  alone,  I  intend  to  continue  sowing  with  wheat,  so  long  as  the  latter 
remains  a  paying  crop.  As  far  as  my  experience  goes  there  is  no  objection  to 
grazing  alfalfa  with  cattle  while  it  ia  young.  To  do  so  with  sheep  and  eat  it  bare 
would,  I  think,  be  dangerous,  as  they  crop  it  too  closely. 

Mr.  John  Benitz  says,  concerning  southern  Cordoba,  where  he  is 
now  working  about  60,000  acres,  mostly  in  alfalfa: 

I  have  had  the  best  results  by  breaking  up  virgin  camp  in  the  fall  or  spring  and 
at  once  cross  disking,  harrowing,  and  sowing  with  alfalfa  alone  and  covering  it 
with  a  lighter  harrow.  Alfalfa  so  sown  can  be  stocked  with  cattle  two  or  three 
months  after  sowing,  fed  down  close  and  trampled.  Then  the  stock  should  be 
taken  off  for  a  few  months,  and  the  alfalfa  will  grow  splendidly.  The  ground 
being  new,  no  grass  or  weeds  come  up.  If  alfalfa  and  wheat  are  sown  together 
cattle  can  not  be  put  on  till  a  year  after,  but  if  sown  alone  cattle  can  be  put  on 
permanently  when  it  is  six  months  old. 

In  the  north  of  Santa  Fe,  in  the  Jewish  colony  at  Mosesville,  the 
manager  told  me  that  it  was  not  advisable  to  sow  alfalfa  there  on  new 
soil,  and  that  a  previous  culture  with  corn,  flax,  or  wheat  was  to  be 
preferred. 

QRAZINO  ALFALFA  WHEN  YOUNG. 

The  opinion  seems  t.o  be  quite  general  in  Argentina  that  more  or 
less  feeding  is  good  for  alfalfa  when  it  is  young,  certainly  by  the  time 
it  is  Ave  or  six  months  old,  as  the  tramping  is  beneficial  and  the 
plants  should  not  be  allowed  to  go  to  seed  the  first  year.  Sometimes 
sheep  are  put  into  the  alfalfa  pastures  with  an  attendant  to  keep  them 
moving  and  prevent  them  from  eating  too  closely.  They  eat  the  weeds 
and  do  a  fine  job  of  tramping.  Mr.  Williams  says  that  during  a  good 
spring  it  is  impossible  to  keep  the  alfalfa  down  with  grazing  because 
the  appliances  for  watering  stock  are  not  calculated  for  the  number  it 
would  then  carry.  On  a  piece  sown  with  wheat  which  gave  30  bushels 
to  the  acre  last  j^ear  he  had  for  some  time  last  spring,  or  less  than  a 
year  after  the  whf^at  was  cut,  four  to  five  animals,  yearling  calves  and 
old  cows,  per  hectare  (2.471  acres),  and  he  was  at  the  same  time  cut- 
ting some  of  it  for  hay.  In  Ma}^  1903,  he  had  rather  more  than  one 
cow  per  hectare  fattening.  Later  on,  if  the  weather  got  very  dry  and 
cold,  he  might  not  be  able  to  keep  any  stock  on  it  for  a  time.  Some 
stockmen  cut  the  alfalfa  the  first  yeirand  do  not  allow  stock  on  it 
until  it  is  about  a  year  old.  The  difference  of  opinion  on  this  point 
is  due  to  different  conditions  and  to  overstocking  young  alfalfa.  It 
requires  experience  to  know  how  far  to  go  with  the  feeding. 


10  ALFALFA    AND    BEEF    PRODUCTION    IN    ARGENTINA. 

AMOUNT  AND  PRIOR  OF  8ER1>. 

The  amount  of  seed  sown  varies  gi'eatly  according  to  locality,  indi- 
vidual opinion,  and  whether  land  is  old  or  new.  The  amount  per 
acre  ranges  from  9  to  35  pounds,  generally  from  11  to  18  pounds. 
More  seed  is  used  on  old  land  than  on  new,  though  18  pounds  per  acre 
is  sown  in  southern  Cordoba  on  new  land  without  a  nurse  crop.  The 
price  of  seed  varies  considerably,  according  to  the  season,  for  now  it 
is  all  produced  in  the  country.  Seed  is  harvested  in  southern  Cor- 
doba, Santa  Fe,  and  western  Buenos  Aires,  while  very  pure  seed  is 
raised  in  Chubut  in  small  quantities..  A  yellow  butterfly  or  rain  at 
the  time  of  fertilization  sometimes  destroys  the  crop  of  seed.  A  dry 
season,  checking  the  growth,  is  favorable  to  the  production  of  seed, 
but  it  is  not  considered  advisable  to  allow  alfalfa  to  go  to  seed  more 
than  once  in  five  years.  Some  ranchmen  believe  in  letting  it  go  to 
seed  and  resow  itself.  Seed  is  sold  by  the  10  kilos  (22.040  pounds), 
and  the  price  is  from  $1.42  to  $2.84  United  States  money  for  that 
amount,  or  $3.35  to  $7.70  per  bushel  of  GO  pounds. 

LIFE  OF   ARGENTINE  ALFALFA. 

More  variation  is  found  in  the  number  of  years  alfalfa  will  live  in 
Argentina  than  in  any  other  feature  of  the  business  of  growing  it. 
Bad  seasons  and  close  feeding  may  wear  it  out  in  three  years  in  some 
localities,  while  in  other  places  fields  that  are  cut  only  will  live  for 
twenty-five  years  and  still  make  a  good  showing.  The  latter  is  a  very 
rare  and  extreme  case,  and  the  former  is  quite  unusual,  except  wliere 
the  pasture  has  been  abused.  Alfalfa  lives  longest  and  gives  l>est 
results  in  the  light  soil  of  the  upper  provinces,  in  western  Buenos 
Aires  and  in  San  Luis.  The  strong  native  grasses,  which  after  a  few 
years  overcome  alfalfa  in  the  Province  of  Buenos  Aires,  do  not  exist 
to  the  same  extent  in  Conloba,  Santa  Fe,  and  San  Luis.  The  soil  is 
not  rich  enough  to  sustain  them,  as  they  do  not  reach  down  for  the 
moisture,  so  there  is  little  to  interfere  with  alfalfa  in  these  regions. 
In  Buenos  Aires,  from  the  city  south,  estancieros  estimat-e  that  alfalfa, 
used  only  for  cutting,  and  well  cared  for,  will  live  from  five  to  ten 
years,  differing  according  to  locality'  and  seasons.  One,  who  lives  near 
the  city  and  has  a  verj'  large  breeding  establishment,  manures  his 
alfalfares,  and  they  last  seven  or  eight  yeai*s,  but  he  does  not  put 
cattle  on  them.  If  constantlj'  fe<l,  the  life  of  the  pastures  in  this 
province,  except  in  the  west,  is  not  more  than  thme  or  four  years. 
The  native  grasses  come  up  and  choke  it  out. 

In  southern  C^ordoba  alfalfa  with  ordinarv  care  will  last  fift-een 
years,  but  if  fed  short  it  may  be  completely  killed  out  in  five  yeai's. 
It  is  said  that  cutting  instead  of  grazing  improves  it  by  allowing  it  to 
c(mie  up  to  its  full  height,  which  is  life  to  alfalfa.  In  the  Province  of 
Santa  Fe  estimates  of  the  life  of  alfalfa  range  from  three  to  twenty- 
five  years,  depending  upon  the  seasons  and  how  it  is  treat.e<l.     When 
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cut  often  and  not  stocked  with  sheep  and  little  or  not  at  all  with 
cattle,  the  estimates  of  its  life  are  from  ten  to  twenty-five  years,  with 
the  majority  around  fifteen  years. 

In  the  Jewish  colony  in  upper  Santa  Fe  they  say  ten  to  fifteen 
years  if  cut  only,  or  six  years  if  fed.  Indeed,  Don  Arturo  Bab,  the 
manager  of  the  colonj',  says  that  there  does  not  seem  to  be  any  limit 
there  to  the  life  of  alfalfa  that  has  been  continually  cut  and  fertilized 
by  turning  on  cattle  only  in  winter.  He  points  to  fields  in  that  neigh- 
borhood fifteen  years  old  and  still  in  c:ood  condition.  But  if  continu- 
ally pastured,  alfalfa  in  this  region  lasts  but  a  few  years,  being 
crowded  out  by  native  grasses.  These  native  grasses,  says  Seiior 
Bab,  will  not  sustain  finely  bred  cattle,  which  deteriorate  very  rapidly 
and  even  die  if  given  nothing  else.  Only  native  cattle  can  live  on 
them,  and  even  these  will  not  fatten.  The  great  heat  in  summer 
burns  up  the  fine  grasses;  only  alfalfa  endures.  The  colonists  under 
Seiior  Bab  have  found  a  sure  and  profitable  business  pasturing  well- 
bred  cattle  on  alfalfa.  The  carrying  capacity  there  is  estimated  by 
the  manager  to  average  three-fourths  of  an  animal  per  hectare  (2.471 
acres)  on  natural  pastures,  and  on  alfalfa  five  breeding  animals  or 
three  for  fattening.  Of  course  this  estimate  is  subject  to  great 
changes,  according  to  the  amount  of  rainfall. 

Around  Carcaraila,  30  miles  west  of  Rosario,  they  have  fields  twenty- 
five  years  old,  but  the  average  is  ten  to  fifteen  years  if  cut,  five  to 
seven  years  if  fed,  and  eight  to  nine  years  if  fed  and  cut.  This  is 
about  the  average  for  the  greater  part  of  the  alfalfa  region,  but  of 
course  varying  conditions  shorten  or  add  to  the  life  of  alfalfa  in  dif- 
ferent regions. 

Little  is  done  to  prolong  the  life  of  alfalfa.  Some  farmers  and 
ranchmen  use  disk  harrows  or  plows  in  the  spring  with  beneficial 
results.  Some  are  of  the  opinion  that  this  is  of  but  little  and  only 
temporar}'  benefit,  and  that  it  hardly  pays.  They  say  it  is  better  and 
cheaper  to  let  the  alfalfa  go  to  seed,  resow  itself,  and  then  plow  it. 
Others  say  that  if  they  could  get  satisfactory  disk  harrows  to  cut  2  or 
3  inches  deep  and  not  clog,  such  implements  would  be  used  with  great 
benefit  to  alfalfa,  starting  new  plants  every  spring,  and  would  be 
generally  used. 

CATTLE-CARRYING  CAPACITY  OF  ALFALFA. 

Alfalfa  never  does  less  than  to  double  the  canning  capacity  of  the 
native  grasses  of  Argentina,  however  rich  they  may  be,  unless  it  hap- 
pens to  be  in  a  locality  where  rock  is  too  near  the  surface  for  alfalfa 
to  do  well.  Generally  it  multiplies  the  carrying  cajiacity  three  to  six 
times.  Tn  southern  Cordoba,  Santa  Fe,  western  Buenos  Aires,  San 
Luis,  and  other  favored  alfalfa  regions,  3,000  cattle  are  now  being 
fattened  all  the  year  around  on  every  league  (G,672  acres)  of  alfalfa, 
and  another  thousand,  or  even  more,  might  be  added  if  they  were  all 
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breeding  cattle.  Hitherto  these  camps  would  carry  only  about  S(K) 
animals  per  league,  and  give  the  animals  barely  enough  vitality  in 
the  summer  to  carry  them  through  the  winter.  The  native  grass 
there  is  called  "pasto  fuert(*,"  which  means  tough  grass;  and  so  it  is, 
wiry  and  thin.  Cattle  rarely  get  fat  on  it,  and  only  the  tough,  under- 
sized native  cattle  can  live  on  it.  Better  bred  stock  deteriorate  at 
once;  so  this  region  and  thousands  of  leagues  of  Argentine  territory 
would  not  be  stocked  with  good  cattle  without  alfalfa.  In  south  cen- 
tral Buenos  Aires,  where  the  native  grasses  have  nearly  all  been 
killed  off  by  overstocking  with  sheep,  the  hard,  worthless  "pasto 
puila"  has  come  on  and  the  fine  grasses  have  no  chance.  The  carry- 
ing capacity  of  this  land  was  2,5(X)  to  3,000  sheep  per  league,  or  500 
cattle,  and  they  barely  managed  to  keep  alive.  Now,  under  alfalfa, 
the  same  land  carries  7,000  sheep  or  1,200  cattle  and  keeps  them  in 
good  condition  the  year  around. 

At  the  rate  of  one  animal  to  8^  acres,  the  usual  average  carrying 
capacity  of  native  grasses,  alfalfa  makes  land  for  grazing  purposes 
worth  five  to  eight  times  as  much  as  it  was  before  alfalfa  took  the 
place  of  the  native  grasses.  Some  native  pasture  (PI.  Ill)  in  the 
Province  of  Buenos  Aires  will  carry  one  animal  for  every  2  acres,  but 
of  course  nothing  will  stand  dry  seasons  as  alfalfa  does.  This  was 
thoroughly  proved  in  the  dry,  cold  wint>er  of  1002  in  Argentina. 
Alfalfa  pastures  that  seemed  to  be  all  dead  made  an  astonishing 
recovery  the  following  spring.  Ordinarily  when  the  native  grasses 
have  been  entirely  dried  up  alfalfa  is  still  green  and  furnishing  food 
for  the  animals,  because  of  its  deep-drawn  water  supply.  Indeed,  it 
is  quite  safe  to  say  that  alfalfa  pasture  is  always  worth  two  io  two 
and  a  half  times  as  much  as  the  best  combination  of  native  summer 
and  winter  grassas.  It  is  often  said  that  a  native  grass  called  **gra- 
milla,"  which  comes  with  alfalfa,  adds  to  its  feeding  value. 

The  carrying  capacity  of  alfalfa  pasture  in  Argentina  is  estimat-ed 
at  from  two  and  a  half  to  four  animals  per  square  (4.17  acres)  the 
year  around,  or,  in  round  numbers,  from  three-fifths  to  one  animal 
per  acre.  An  animal  here  always  means  a  beef  animal,  and  it  is  esti- 
mated that  any  pasture  will  usually  carry  four  times  as  many  sheep 
as  it  will  cattle.  This  estimate  is  for  breeding  cattle.  For  fattening 
it  must  be  reduced  somewhat,  but  not  much.  Except  in  the  winter 
alfalfa  pasture  will  fatten  three  to  ^vv^  rough  animals  per  square  in 
five  to  eight  months.  Rough  thin  work  oxen  are  fattened  in  this 
time.  There  is  a  largo  business  in  raising  feeders  on  poorer  lands 
north  or  south  on  native  grasses  and  driving  them  in  great  troops  to 
the  alfalfa  fields  to  be  fattened.  As  the  animals  approach  within  a 
few  months  of  the  age  at  which  they  should  start  for  market  they  are 
shifted  about  from  one  pasture  to  another  and  are  given  the  best  on 
the  place.     At  other  times  they  are  not  moved  much,  but  are  left  in 

e  large  pasture  sufficient  for  their  needs  for  a  year. 


MAKING   HAY    OP   ALFALFA.  13 

WASTE  OF  ALFALFA   AND  OVERSTOCKING. 

In  the  Hummer  much  alfalfa  is  allowed  to  go  to  waste  because  it  is 
not  always  practicable  to  put  more  cattle  on  to  fatten  in  the  summer 
than  can  be  carried  through  the  winter.  Some  cutting  of  pastured 
alfalfa  is  often  done.  After  the  first  spring  growth  has  been  eaten 
down  the  cattle  are  taken  out  for  a  few  weeks  and  hay  is  put  up,  with 
a  temjwrary  fence  built  around  the  stacks.  If  the  pasture  gets  poor 
in  the  winter,  the  fence  is  taken  down  and  the  cattle  allowed  to  eat 
the  hay  in  the  stack.  If  not  used  during  the  winter,  it  may  be  sold 
in  the  spring.  But  this  plan  is  not  followed  by  all  ranchmen.  The 
ranchman  (estanciero)  is  not  always  prepared  to  do  much  haying. 
He  leaves  that  to  the  small  farmer. 

Overstocking  is  one  of  the  weaknesses  of  the  Argentine  ranchman, 
though  he  is  learning  better  through  expensive  lessons.  When  cattle 
were  cheap  and  slaughtered  for  their  hides  it  did  not  matter  so  much 
if  a  man  lost  a  few  thousand  occasionally.  He  stocked  his  camp  to 
the  limit  of  its  capacity  at  its  best,  and  when  a  bad  season  came  he 
lost  half  his  stock  or  more.  It  often  cost  more  to  feed  them  than  they 
were  worth.  Now,  with  valuable  graded  cattle  they  can  not  afford 
this.  They  have  found  by  experience  that  alfalfa  will  be  better  in 
the  winter  and  will  live  longer  if  it  is  not  eaten  down  closely  in  the 
summer,  but  is  permitted  to  grow  to  its  full  height. 

MAKING  HAY  OF  ALFALFA. 

Raising  alfalfa  for  hay  is  a  good  business  in  Argentina,  if  the  haul 
to  the  railway  station  is  not  too  long.  It  is  done  mostly  by  small 
farmers,  **  chacareros,"  within  10  or  15  miles  of  railway  stations, 
thoujrh  occasionally  large  estaucias  do  a  big  business  in  it  when  favor- 
ably located.  On  these  great  ranches,  however,  alfalfa  is  used  chiefly 
for  grazing,  and  only  enough  is  cut  for  hay  to  supply  home  needs  and 
guard  against  a  dry,  cold  winter,  when  the  pastures  run  down.  Valu- 
able breeding  stock  is  fed  dry  alfalfa  more  or  less  the  year  round, 
though  there  is  a  growing  demand  for  a  good  quality  of  bulls,  '*  a  cor- 
ral " — that  is,  bred  to  the  open  field  and  able  to  run  with  the  herd  and 
take  chances  the  year  round. 

ADVANTAGES  OP  CUTTING  AND  GRAZING  COMBINED. 

There  is  little  difference  of  opinion  in  Argentina  about  the  advisa- 
bility of  cutting  the  surplus  from  alfalfa  pastures  in  the  summer. 
Unless  double  the  number  of  animals  are  put  on  in  the  summer  they  can 
not  eat  the  luxuriant  crop  that  grows,  and  they  waste  it.  "  Theoret- 
icjiUy,"  says  Mr.  Williams,  in  the  south  central  part  of  the  Province  of 
Buenos  Aires,  "  there  is  no  reason  why  all  the  alfalfa  should  not  be 
cut  every  year,  but  i^ractically  it  is  impossible  to  do  so  when  dealing 
with  thousands  of  hectares.     It  is  much  more  economical  to  store  it 
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for  winter  use  by  stacking  than  to  allow  it  to  grow  into  a  tangled 
mass,  which  the  cattle  trample  and  spoil."  Mr.  John  Benitz,  of  south- 
em  Cordoba,  says:  "Cutting  improves  alfalfa,  allowing  it  to  come  up 
to  its  full  height,  which  is  life  to  it."  He  warns  against  the  practice 
of  stocking  alfalfa  to  the  limit  in  the  summer  time,  saying:  '^Of 
course  in  the  summer  a  great  deal  of  the  alfalfa  goes  to  waste;  but 
there  is  less  risk  of  running  short  of  feed  in  the  winter^  and  it  is  this 
letting  the  alfalfa  grow  up  to  its  full  growth  each  summer  that  insures 
to  it  a  great  number  of  years  of  life." 

Both  these  gentlemen  have  been  very  successful  in  their  respective 
localities.  Yet  tliis  system  of  grazing  and  one  cutting  is  compara- 
tively little  followed  in  Argentina.  Alfalfares  are  usually  used  alto- 
gether for  hay  or  altogether  for  grazing.  Only  occasionally  do  ranch- 
men put  up  hay  in  the  pasture  with  a  fence  around  it,  to  be  taken 
down  in  the  winter  to  allow  cattle  to  eat  when  they  need  it. 

YIELD   AND  PROFITS  OF  ALFALFA  AS  HAY. 

The  yield  per  acre  varies  greatly  in  different  seasons  and  localities. 
In  central,  eastern,  and  southern  Buenos  Aires  three  or  four  cuttings 
per  year  are  ccmsidered  good,  and  it  is  the  exception  to  get  five  cut- 
tings. The  amount  secured  varies  from  1,500  to  3,000  pounds  per 
acre,  generally  about  a  ton  per  cutting  the  country  over. 

In  southern  Cordoba,  in  a  great  part  of  the  Province  of  Santa  Fe, 
and  in  western  Buenos  Aires  alfalfa  grows  more  rapidly  and  the  j'^ield 
per  acre  is  much  greater.  Four  to  eight  cuttings  are  secured  every 
summer,  and  five  to  six  cuttings  is  the  average  in  good  seasons  in  the 
best  regions.  Four  cuttings  is  the  general  average  to  be  relied  upon. 
If  rainfall  is  abundant,  more  will  be  secured.  If  the  summer  is  drj', 
there  may  be  only  three  cuttings. 

An  estimate^  of  the  cost  of  making  alfalfa  hay  and  its  value  in  the 
Jewish  colony  at  Mosesville,  about  1(K)  miles  northwest  of  the  city  of 
Santa  Fe,  is  given  herewith,  converted  into  United  States  terms  and 
with  values  expressed  in  United  States  currency: 

Price  in  stack,  per  ton $2. 40 

Cast  of  cutting,  per  acre,  with  machine $0. 36 

Raking,  gathering,  and  stacking,  per  acre 71 

Cost  per  ton,  at  1  ton  "per  acre . .     1 .  07 

Net  profit,  per  ton _ _ 1. 33 

Alfalfa  in  this  region,  for  cutting  exclusively,  gives  from  five  to 
eight  cuttings  per  year.  The  average  annual  yield  is  better  than  6| 
tons  per  acre,  so  the  farmer  gets,  in  round  numbei's,  from  $6  to  $10 
per  acre  per  year,  or  an  average  of  $8.65  for  the  use  of  his  land,  horses, 
and  machinery,  all  other  expenses  of  the  harvest  being  paid  out  of 

a  From  the  monthly  ''Anales  "  of  the  Argentine  Rural  Society  for  Jannary,  1903. 
It  corresponds  very  closely  to  an  estimate  made  later  by  the  manager  of  the 
colony. 
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the  cost  estimate  of  $1.07  per  acre,  or  per  ton.  Stock  is  never  put  on 
during  the  first  year  of  growth  there.  They  sow  23  to  27  pounds  of 
seed  per  acre. 

The  cost  of  preparing  for  market  or  for  export  is  given  by  the  same 
authorities  as  follows: 

Cost  per  ton. 

Baling  with  machine $1. 60 

Wire .  .30 

Hauling,  9  to  13  miles  to  station  . _ . .72 

Loading  cars     ...._. .       .  . .....       .22 

Commission  and  various  charges .44 

Add  price  in  stack 2. 40 


Costbaled 5.68 

Freight  to  Santa  Fe  or  Colastine,  nearest  river  xK)rt« 1. 75 


.  Cost  at  the  Parana  River 7. 43 

Prices  in  the  Santa  Fe  and  other  upper-river  nuirkets  at  this  time 
were  about  $0.50  per  ton,  leaving  a  handsome  profit  to  the  buyers. 
The  freight  to  Buenos  Aires  from  the  station  nearest  the  colony,  to 
which  the  haul  would  not  be  over  5  or  G  miles,  is  a  little  over  $4  per 
ton,  and  the  distance  is  about  355  miles. 

Much  complaint  is  made  of  the  high  freight  rates,  which  greatly 
retard' the  development  of  the  hay  industry.  Prices  in  the  Buenos 
Aires  market  were  at  this  time  and  are  now  (December,  1903)  about 
$12  to  $13  a  ton  for  the  best  alfalfa  hay.  During  the  winter  of  1*J03, 
in  the  month  of  August,  it  was  quoted  there  at  from  $15  to  $19.25  per 
ton.  The  producers  who  had  not  previously  sold  their  hay  in  the 
stack  received  much  more  than  $2.40  a  ton  for  it  then.  Prices  are 
better  toward  spring,  and  are  higher  nearer  the  city  of  Buenos  Aires. 
Jewish  colonists  are  going  more  into  alfalfa,  corn,  and  stock  raising, 
growing  less  wheat,  which  has  proved  a  failure  in  this  region  in  recent 
years.  The  Italian  and  other  farmers  in  that  part  of  the  country 
have  done  likewise  and  profited  well  by  it.  Farmers  who  have  stuck 
to  wheat  have  brought  povertv  upon  themselves,  while  those  who  have 
done  mixed  farming,  with  almlfa  and  corn  and  stock  to  eat  it,  exhibit 
every  indication  of  prosperity. 

LOSSES  IN  THE  STACK. 

Losses  are  sustained  everywhere  in  the  alfalfa  hay  business  by  the 
failure  of  the  stacks  to  shed  water.  These  losses  are  estimated  at  from 
8  to  30  per  cent  of  the  total  amount,  depending  upon  how  well  the  stack 
was  made,  how  large  it  was,  and  how  much  rain  fell.  Sometimes  in 
wet  weather  the  outside  of  stacks  to  the  depth  of  a  yard  must  be  thrown 
away  when  it  is  baled.  This  leads  to  large  stacks,  such  as  the  one 
shown  in  the  illustration  (PI.  IV,  fig.  2),  which  contains  100  tons  and 
is  well  proportioned.  Losses  are  also' often  suffered  by  rains  coming 
on  when  the  alfalfa  is  in  the  cock  and  ruining  it  altogether  if  the  rain 
lasts  any  lenth  of  time. 
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MARKSTINO  AKD  MARKETS. 

Bales  for  export  weigh  50  kilograms,  or  110  pounds,  and  are  made 
in  United  States  steam  presses.  Very  large  bales,  weighing  several 
hundred  pounds,  are  made  in  hand  presses  for  domestic  use. 

Alfalfa  hay  is  an  important  article  of  export  from  Argentina,  and 
the  increase  of  this  trade  is  predicted  by  Argentine  authorities.  It 
originated  in  1864,  when,  during  the  war  with  Paraguay,  Argentina 
was  obliged  to  send  alfalfa  for  the  horses  of  the  allies,  Brazil,  Uru- 
guay, and  Argentina.  This  led  to  a  trade  in  alfalfa  hay  with  Brazil, 
though  it  did  not  amount  to  much  until  about  1890,  in  which  year 
about  22,000  tons  were  exported.  The  amounts  exported  annually 
since,  with  the  average  values  of  the  export  product,  were  as  follows:** 

Exports  of  alfalfa  from  Argentina. 


Year. 

Tons. 

Price  per 
ton. 

Yflftr           Tons       Price  per 
xear.          ions.     ^      ^^ 

Year. 

Tons. 

Price  per 
ton. 

1891 

1892 

1888 

1894 

»»,078 
48,220 
58,996 
62,480 

$12.25 

8.36 

10.44 

8.89 

1896 

1896 

1897 

1898 

79,320 
116,471 
114.306 
126,148 

15.26 
7.52 
7.88 
9.61 

1800 

1900 

1901 

1902 

116,401 
118.356 
104,851 
106,208 

|9.61 

10.91 

8.85 

8.95 

These  prices  are  about  the  average  market  prices  for  the- years 
quoted  in  the  Buenos  Aires  market.  It  is  said  that  the  reduction  in 
the  amount  exported  during  1901  and  1902  was  due  to  the  fact  that 
the  English  ports  were  closed  to  Argentine  live  stock  during  those 
years  on  account  of  foot-and-mouth  disease  in  Argentina.  This 
operated,  for  various  reasons,  to  interfere  with  the  exportation  of 
alfalfa  to  that  market.  The  principal  markets  for  hay  from  Argen- 
tina are  Brazil,  England,  and  South  Africa. 

FEEDING  ALFALFA  HAY  AND  CORN. 

Progressive  cattlemen,  almost  without  exception,  as  far  as  seen  by 
the  writer,  are  looking  forward  to  the  time  when  they  must  feed  their 
steers  with  alfalfa  hay  an(\  Indian  corn  to  get  the  best  i*esults.  The 
recent  outbreak  of  foot-and-mouth  disease  in  the  country  will  check 
this  movement  somewhat,  because  it  is  likely  to  delay  the  reopening 
of  the  English  ports  to  Argentine  live  stock.  The  animal  sanitary 
law  in  Argentina  is  very  thorough,  and  every  effort  is  made  to  enforce 
it,  to  prevent  the  spread  of  the  disease,  and  to  exterminate  it;  but 
after  the  outbreak  of  1900  seemed  to  have  entirely  disappeared  it  was 
about  two  years  before  the  British  Board  of  Agriculture  would 
reopen  the  ports  to  Argentine  live  cattle  and  sheep.  They  remained 
closed  from  April,  1900,  to  February  3,  1903,  and  were  again  closed 
in  May,  1903.  It  was  thought  that  this  would  be  only  temporary,  bat 
the  disease  got  out  into  the  country  and  even  made  its  appearance  in 


«  Argenti  le  custom-house  statistics,  reduced  to  avoirdupois  tons,  and  prices  per 
avoirdupois  ton  in  United  States  currency. 
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the  great  annual  expositions  of  breeding  stock  in  Rosario  and  Buenos 
Aires  in  September  and  October,  1903.  The  disease,  while  quite  gen- 
eral in  extent,  was  mild  in  character  and  disappeared  in  a  few  months. 
Advanced  stockmen  are  very  generally  agreed  now  that  it  will  pay 
them  to  finish  their  export  animals  on  dry  alfalfa  and  corn  and  to 
give  them  dry  alfalfa  in  the  winter  time  if  the  pastures  run  low.  The 
great  majority  agree,  except  as  to  how  long  they  should  feed  the  ani- 
mals before  shipping.  Opinions  on  this  point  vary  from  two  to  six 
months.  They  all  know  that  cattle  fed  only  on  grass  or  alfalfa  lose 
on  a  railway  journey,  and  lose  still  more  from  the  time  they  arrive  at 
the  port  of  ex|)ort  if  they  are  to  be  exported  alive.  They  are  more 
or  less  wild,  and  they  do  not  know  how  to  eat  the  hay  and  corn  which 
is  given  to  them  in  the  export  yard  and  on  board  ship.  Consequently 
heavy  losses  are  suffered  by  the  exportera,  who  become  very  cautious 
and  cut  down  on  the  price  of  steei*s  not  trained  to  eat  corn.  This 
feeding  has  been  done  on  a  small  scale  already  with  very  profitable 
results,  but  the  high  price  of  corn  has  discouraged  it.  Corn  has  been 
worth  from  30  to  35  cents  per  bushel  on  Uie  farm  the  past  two  years, 
and  has  sometimes  been  worth  even  more.  Some  of  the  more  pro- 
gressive ranchmen  are  planning  to  raise  their  own  corn  for  feeding 
and  do  it  in  a  more  intelligent  manner  and  get  better  results  than  the 
average  small  farmer. 

SUPERIOEITY  OF  CORN-KED  BEEF. 

The  proposition  to  feed  dry  alfalfa  and  corn  has  applied  only  to 
steers  for  export  alive,  but  it  is  bound  to  be  applied  also  to  those  des- 
tined for  chilled  beef,  for  experience  is  gradually  teaching  Argentine 
beef  producers  that  a  grass  or  alfalfa  fed  steer  can  not  compete  with 
a  corn-fed  steer.  The  latter  will  be  sounder,  more  solid,  and  his  car- 
cass will  cut  up  to  much  better  advantage.  The  corn- fed  l.)eef  is  worth 
more  to  the  pound,  because  it  is  firmer  and  has  less  water  in  it  than  that 
of  animals  fattened  on  green  alfalfa  or  grass  only.  The  increase  in 
the  number  of  chilled  and  frozen  meat  companies  in  Argentina  is 
stimulating  a  demand  among  the  first-named  concerns  for  superior 
steers,  and  better  i)rices  are  being  paid.  It  is  certain  that  they  will 
pay  more  for  corn-fed  animals  than  for  the  soft  alfalfa  beeves. 
Whether  or  not  they  will  pay  enough  more  to  warrant  the  expense  of 
several  months'  feeding  is  not  yet  proved.  But  as  soon  as  the  English 
ports  are  open  to  Argentine  live  stock,  feeding  corn  and  dry  alfalfa 
will  be  a  general  rule. 

GROWTH   AND  PROFITS   OF  CHILLED-BEEF  TRADE. 

The  business  of  producing  fat  steers  in  Argentina  has  been  subject 
to  more  fiuctuations  than  in  the  United  States,  but  is  now  approaching 
steadier  conditions.  Alfalfa  has  been  the  chief  factor  in  removing 
the  element  of  chance  from  the  industiy.     Its  intelligent  use  has  taken 

23120—04 2 


18 


ALFALFA    AND   BEEF   PRODUCTION   IN   ABGENTINA. 


away  every  risk  from  starvation  in  diy,  cold  winters.  It  has  increased 
the  production  of  good  cattle  and  made  the  future  supply  certain; 
so  that  more  chilled-meat  concerns  are  entering  the  field,  making  a 
better  market.  The  chilled  and  frozen  meat  companies  now  operating 
in  Argentina  are  as  follows,  with  their  daily  capacity: 

Frozen-meat  companies  in  Argentina, 


Name. 


Sansinena 

LaaPalmas 

Drabble  Broe . . . 

LaBlanca 

Cold  Storage  Co 
Sansinena 


Location. 

Daily  capacity. 

Steers.' Sheep. 

250     6.a)0 
170     3,000 
170     3,000 
150     3,000 
.     ;«)    6,000 
150     3.UM) 
1 

Buenos  Aires 

Zarate       ... 

Campana 

Buenos  Aires 

La  Plata 

BahiaBlanca...: 

One  or  two  large  chilled  or  frozen  meat  establishments  will  be  com- 
pleted soon  in  Rosario  and  one  or  two  more  in  Buenos  Aires.  La 
Blanca  and  Sansinena  at  Bahia  Blanca,  listed  above,  are  new.  An 
American  company  has  been  organized  to  build  one  in.  Necochea, 
south  of  Buenos  Aires,  and  it  is  understood  this  company  will  ship 
chilled  meat  to  New  York.  Several  Qther  companies  are  being 
organized,  as  the  older  companies,  the  first  three  named,  have  been 
earning  large  dividends — from  20  to  40  per  cent — while  they  controlled 
the  market. 

PRICES  OF   CATTLE   AND   SHEEP. 

The  competition  of  the  chilled-beef  companies  and  the  shortage  of 
the  supply  in  the  winter  and  spring  of  1003  (the  months  from  June  to 
November)  stimulated  the  price  of  both  cattle  and  sheep  in  Buenos 
Aires.  When  the  English  ports  were  closed,  in  May,  1903,  good 
export  steers — and  the  best  were  demanded  for  this  trade — were  sell- 
ing at  from  ♦40  to  *50  each.  As  soon  as  the  ports  were  closed  prices 
fell  nearly  20  per  cent  on  cattle,  but  not  on  sheep.  In  four  months 
these  prices  wend  nearly  restored,  while  prices  for  sheep  had  been 
going  up  for  eighteen  months,  and  fat  wethers  were  selling  at  $5  to 
$G.50  down  to  82.50  for  common  grades  and  $1.30  to  $2.65  for  lambs.^ 

I.ATBR  CONDITIONS  NOT  SO  FAVORABLE. 

A  decline  in  the  price  of  sheep  began  in  November,  1903,  and  con- 
tinued until  January,  when  the  price  began  to  recover  slightly.  The 
decline  was  about  33  per  cent  at  its  greatest,  and  in  March,  1904,  pnices 
for  the  best  types  of  mutton  and  lambs  were  still  20  to  25  per  cent 
lower  than  they  were  in  July  or  August,  1903;  but  were  rising. 

In  December,  1903,  the  frigorificos  suddenly  reduced  their  opera- 
tions. Some  of  them  practically  closed  down  for  the  time.  The  rea- 
son assigned  was  that  the  demand  for  Argentine  chilled  and  frozen 
meat  had  fallen  off  in  England,  and  that  the  prices-  of  st^eers  had 


« In  1902  the  average  price  of  native  sheep  of  60  to  100  ponnds  weight  in  the 
^cago  market  was  $1.25  to  (6.50^  anct  for  native  yearlings  and  lambs  (2  to  $7.25. 
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advanced  in  Argentina  until  it  was  no  longer  profitable.  The  compa- 
nies were  making  no  profits.  There  had  been  a  heavy  decline  in  the 
market  price  of  shares  in  the  Argentine  freezing  companies.  The 
result  of  this  action  was  an  immediate  drop  of  from  15  to  25  per  cent 
in  the  price  of  steers.  There  has  been  but  little  recovery  in  this  price 
up  to  the  1st  of  March,  1904.  When  the  cooler  weather  begins  work 
in  the  freezing  plants  is  resumed  and  prices  of  steers  and  sheep 
improve.  A  large  number  of  fat  young  steers  are  ready  to  be  placed 
upon  the  market  there.  Exporters,  stockmen,  and  Government  offi- 
cials are  endeavoring  to  find  an  outlet  for  this  production.  A  ship- 
ment of  Argentine  chilled  meat  was  rejected  in  Austria  on  some 
hygienic  ground,  but  it  is  claimed  by  the  Argentines  that  it  was  done 
because  of  the  opposition  of  the  agrarian  interests.  Argentines  have 
been  shipping  some  chijled  meat  and  some  live  animals  to  other  Euro- 
pean ports  during  the  past  year,  including  Hamburg,  Lisbon,  and 
some  of  the  Spanish  ports.  They  are  striving  hard  to  develop  a  mar- 
ket on  the  continent  of  Europe  for  their  various  meat  products,  and 
are  meeting  with  some  success. 

Steers  come  to  market  now  usually  about  three  years  old,  and  this 
is  a  gain  over  former  years,  due  to  alfalfa.  Formerly  weight  counted 
more  than  quality,  and  steers  were  kept  on  grass  till  they  were  four 
or  five  years  old.  Now  the  lighter,  j'oung  beef  is  preferred,  as  in  this 
country.     The  favorite  weights  are  1,200  to  1,400  pounds. 

Feeders,  about  two  yeai-s  old  or  a  little  more  and  very  thin,  are 
bought  for  $9  or  $10  per  head,  put  on  alfalfa  pasture  for  six  to  ten 
months,  and  sold  for  $30  to  $40.  A  good  business  is  done  by  a  few 
estancleros  in  buying  up  old  work  oxen  in  exceedingly  poor  condition, 
paying  $13  to  $15.50  for  them,  putting  them  on  alfalfa  for  six  to  eight 
months,  and  selling  them  for  from  $24  to  $30.  Fairly  good  grade 
steers,  three  years  old,  fattened  on  alfalfa  pastures,  are  now  selling 
for  $40  to  $48  in  the  country  stations  in  Argentina,  and  it  costs  $4  or 
$5  per  head  to  get  them  to  the  slaughtering  places  in  the  ports.  This 
does  not  include  the  taxes  on  sales  that  are  levied  in  some  of  the 
provinces  nor  the  taxes  levied  by  the  municipalities  where  the  slaugh- 
tering is  done.  These  taxes  vary,  but  will  amount  to  several  dollars 
more.  Nearly  all  of  this  type  go  to  the  "frigoriflcos,"  or  chilled  and 
frozen  meat  institutions,  for  export. 

UNITED   STATES   BEEF   TRADE   AS   COMPARED   W^ITH   ARGENTINE. 

Very  briefly  stated,  for  comparison,  the  business  of  exporting  steers 
from  the  United  States  is  carried  on  about  as  follows:  Good  grade 
steers  are  procured,  either  from  farther  west  or  at  home,  and  are  fed 
mostly  in  the  central  corn  States  for  Chicago,  where  most  of  them  are 
shipped.  Feeding  to  fatten  usually  begins  at  the  age  of  from  sixteen 
to  twenty  months  and  lasts  from  three  to  six  months.  Then  they  are 
shipped  to  Chicago  to  be  sold.  Freight  rates  range  from  18^  to  35^ 
cents  per  100  pounds  in  carload  lots  from  the  feeding  places  to  Chi- 
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cago.  From  Nebraska  points  the  rate  is  30^  to  35^  cents;  from  Mis- 
souri and  Iowa  points  the  rates  are  usually  about  22  to  23^  cents, 
though  a  few  points  have  as  low  a  rate  as  18^  to  10  cents;  Kansas 
rates  are  32^  to  37^  cents,  with  but  few  shipments  to  Chicago;  rates 
in  the  State  of  Illinois  vary  greatly,  but  are  much  lower  than  Iowa  or 
Missouri  rates.  In  the  Chicago  Stock  Yards  these  animals  pay  50 
cents  each  commission  charge  and  25  cents  each  yardage.  They  must 
also  pay  for  feed,  but  if  they  are  shipped  east  for  export  on  the  day 
of  arrival  this  is  very  small.  In  the  Chicago  yards  steers  are  sorted 
for  local  slaughter,  export,  or  eastern  market-s.  Comparatively  light 
young  steers,  weighing  from  1,175  to  1,300  pounds,  are  wanted  for 
export,  and  these  sell  from  <54.40  to  $6  per  100  pounds,  live  weight, 
though  of  course  these  prices  vary  widely  at  different  times.  The 
best  steers,  the  special  young  **baby  beeves,"  that  bring  the  highest 
prices,  are  not  exported,  but  are  reserved  for  fancy  beef  in  the  lai-ge 
city  markets.  The  export  steers  are,  however,  of  a  superior  quality. 
Prices  in  December,  1903,  in  the  Chicago  market  were:  Ix)w-grade 
export  steers,  $4.40  to  $4.70;  good  export  steers,  $4.70  to  $5.15,  and 
for  prime  fat  beeves  of  1,175  to  1,300  pounds  weight,  $5.15  to  $5.50. 
The  freight  from  Chicago  to  New  York  is  28  cents  per  100  pounds, 
live  weight.  If  loading  on  shipboard  is  prompt,  charges  in  New  York 
are  light,  not  more  than  in  Chicago.  The  ocean  freight  rates  to  Eng- 
lish ports  are  from  30  to  35  shillings  ($7.30  to  $8.50)  per  head.  Insur- 
ance is  one-half  of  1  per  cent,  and  steers  are  insui'ed  for  $50  per  head, 
except  *' distillers" — those  fed  on  distillery  waste — which  are  valued 
at  $75  each. 

No  charge  is  made  for  the  inspection  by  the  ITnited  States  Bureau 
of  Animal  Industiy  at  the  Chicago  Stock  Yards  and  at  the  port  of 
export.  Every  animal  is  tagged  and  numbered,  so  his  identity  is 
never  lost,  and  the  record  is  so  complete  that  if  it  becomes  necessary 
the  animal  can  be  traced  from  the  English  slaughterhouse  back  to 
the  farm  on  which  he  was  raised  or  fattened.  This  record  is  sent  to 
the  Bureau  of  Animal  Industry  inspector  in  the  foreign  cattle  market 
at  Deptford,  near  London,  whose  business  it  is  to  watch  the  i^sult§ 
of  the  slaughter  of  steers  from  the  United  States  and  report  by  cable 
the  tag  number  of  any  animal  showing  any  disease  that  requires 
investigation.  The  matter  is  promptly  followed  up  from  this  end, 
so  that  quarantine  or  other  precautionary  measures  may  be  taken  if 
necessary.  ThevSe  precautions  are  taken  by  the  United  States  Govern- 
ment for  the  protection  of  the  cattle  trade,  to  make  certain  that  every 
animal,  as  well  as  the  chilled  beef  exported,  is  in  perfect  condition 
and  the  accommodations  on  shipboard  are  of  the  most  approved  kind.** 


0The  Argentine  Bureau  of  Animal  Industry  inspects  all  cattle  that  are  to  be 
exported,  first  on  the  ranch  before  they  are  shipped  and  afterwards  at  the  port  of 
ezx)ort.  Inspectors  are  also  stationed  in  all  the  chilled  and  frozen  meat  establish* 
ments  and  in  the  city  slaughterhouses,  to  see  that  no  diseased  animals  are  used 
for  food. 
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FINE  CATTLE  OF  ARGENTINA  IN  SHOW  AND  AUCTION. 

FAT  STOCK  SHOW   OP   1903. 

In  May  the  Argentine  Rural  Society  gives  a  fat  stock  and  horse 
show,  to  which,  for  the  first  time,  in  1903,  was  added  an  exposition  of 
agricultural  products.  There  is  generally  a  lively  competition  for  the 
championship  in  the  fat  steer  class,  though  there  is  no  such  scientific 
feeding  competition,  exemplified  in  a  single  animal,  as  we  have  every 
year  in  the  International  Live-Stock  Exposition  in  Chicago.  The 
entries  are  made  in  lots  of  8  animals,  and  while  they  are  fed  for 
exhibition,  they  are  prepared  under  conditions  approaching  the 
normal,  or  what  the  average,  progressive  ranchman  might  do  if 
he  chose.  These  expositions  have  a  positive  influence  upon  beef 
production  in  the  country,  showing  what  may  l>e  done  by  breeding 
and  feeding. 

PRIZE  WINNERS. 

One  man  exhibited  9  lots  of  8  animals  each  in  the  last  show, 
and  took  first,  second,  and  third  prizes  in  a  competition  of  26  lots. 
All  the  prize  winners  were  pure  white  well-bred  Shorthorns,  and  so 
were  most  of  the  72  animals  shown  by  this  breeder.  Dr.  Benito  Villa- 
nueva,  who  is  the  presiding  officer  of  the  lower  house  of  the  Argen- 
tine Congress.  The  prize  lot  averaged  2,145  pounds  each  when  they 
were  weighed  on  the  show  grounds,  and  the  exhibitor  claims  they 
had  lost  about  (50  pounds  each  after  they  left  his  estancia,  distant 
about  194  miles  by  rail.  Of  course  these  animals  were  tame,  having 
been  much  handled  and  sheltered,  so  they  lost  less  in  transit  than  the 
average  Argentine  steer.  These  were  born  in  January  and  February, 
1898.  This  class  was  for  steers  of  three,  four,  and  five  years,  and 
most  of  them  were  from  four  to  five.  All  of  Doctor  Villanueva's 
steers  were  dehorned,  a  practice  in  which  he  thoroughly  believes, 
though  it  is  not  generally  practiced  in  Argentina.  Doctor  Villa- 
nueva's manager,  who  prepared  these  animals  for  the  show,  told  me  that 
he  took  them  off  alfalfa  pasture  and  fed  them  on  corn  and  dry  alfalfa 
and  gave  them  shelter  when  necessary  for  ten  months  before  the  show. 
Part  of  the  time  they  had  the  run  of  the  alfalfa  pasture  also.  These 
animals  made  a  beautiful  showing  in  the  parade  and  overcame  the 
prejudice  of  many  breeders  against  white  coats.  This  objection  has 
been  and  is  yet  very  strong  among  Argentine  breeders.  An  incident 
in  the  pedigreed-stock  show  of  last  October  confirmed  it.  A  white 
bull  won  one  of  the  principal  first  prizes,  but  in  the  sale  that  followed 
he  sold  for  less  than  one-third  the  price  of  several  others  of  his  class, 
less  than  half  the  price  of  many,  and  was  sold,  in  fact,  for  a  very  low 
price,  though  the  only  objection  to  him  was  his  color. 

The  prize  lot  of  fat  steers  was  presented  by  its  owner  to  the  Chilean 
delegation,  at  that  time  on  its  official  peace  jubilee  visit  to  Buenos 
Aires,  and  the  animals  were  slaughtered,  and  the  beef  used  on  board 
the  Chilean  naval  vessels  then  in  the  Buenos  Aires  docks. 
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AUCTION  SALBS. 

The  sales  at  auction  of  fat  steers,  lield  on  the  grounds,  were  very 
unsatisfactory  to  the  exhibitors.  Exportation  on  the  hoof  had  l>een 
stopped  by  an  outbreak  of  foot-and-mouth  disease  a  few  days  before, 
and  the  "frigorificos"  (frozen  and  chilled  meat  companies)  evidently 
had  an  understanding  among  themselv^es  not  to  pay  the  high  prices 
which  they  had  paid  the  year  before.  As  these  companies  offer  the 
only  market  for  good  steers,  they  have  the  producers  at  their  mercy 
when  they  can  agree.  A  few  representative  sales  are  given  herewith, 
showing  weight's  per  animal  in  pounds,  with  prices  per  animal  in 
United  States  currency: 


SJurrthoms, 

Polled  Angiut. 

Flemish, 

Weight. 

Prico.      Weight. 

Price. 

Weight.    Pricv. 

Weight.    Price 

1,648 

$53         1,607 

$57 

1,261       $37 

1,431       .$40 

1,865 

75        1,561 

48 

1,380        48 

1,402         40 

2,070 

75        1,925 

75 

1,501         48 

1,312         37 

1,874 

57 

l,4a5        44 

PAT  STEERS  FOR  8ALR  ONLY. 

In  this  class  31  lots  of  8  animals  each  were  sho^n,  all  but  one 
being  Shorthorns  and  Shorthorn  grades.  This  one  group,  weight  1 ,407 
pounds  each,  was  a  Shorthorn-Polled  Angus  cross..  Some  of  the 
weights  and  sales  follow : 

Shorthorns  and  Angus  grades. 


Weight. 

Prit-e. 

Weight. 

Price. 

Weight. 

Price 

1,285 

$37 

1,753 

$53 

1,407 

$48 

1,349 

87 

1,570 

48 

1,543 

53 

1,519 

40 

1,594 

48 

1,587 

53 

1,949 

53 

1,495 

48 

PAT  COWS   AND  STEERS. 


Twelve  lots  of  fat  cows  were  entered  for  prizes  in  a  class  admitting 
any  ago  or  breed.  Two  of  the  sales  (Shorthorns)  were:  Weight,  1,521 
pounds;  prico,  $37.     Weight,  1,517  pounds;  i)rice,  $37. 

The  Polled  Angus  .steers,  of  which  six  lots,  48  animals,  wei'C  shown, 
made  a  very  good  impression.  They  were  three  and  four  years  old, 
and,  though  lighter  than  the  prize-competing  Shorthorns,  brought 
better  prices  in  proportion  to  their  weight,  as  the  lighter- weight  grade 
Shorthorns  did  also.  Three  lots,  representing  a  cross  of  Flemish  and 
Shorthorn,  made  fairly  accepiable  weights,  but  brought  moderate 
prices.  The  Ilerefords,  which  up  to  11)01  had  taken  the  championship 
in  the  fat-steer  class,  were  not  represented  in  any  way.  The  Hereford 
does  not  seem  to  be  gaining  ground  in  Argentina,  as  the  Polled  Dur- 
ham notably  is  and  the  Polled  Angus  to  some  extent. 

SHEBP,  HORSES,  AND  POULTRY. 

The  showing  of  sheep  (PI.  V)  was  small.  Two  groups  of  Lincolns 
and  three  of  "Black  Faces"  (Hampshire  Downs),  each  of  40  animals, 
completed  the  sheep  exhibit.     The  prize  Lincolns,  averaging   176 
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pounds,  sold  for  an  average  of  $4. 84  each.  The  "  Black  Paces/'  though 
niueh  lighter  in  weight,  sold  for  about  the  same. 

The  hoi'se  show,  though  not  large,  brought  out  some  very  good 
roAdstei*s  and  saddle  horses.  The  prices  realized  in  the  sales  were  not 
hij^h,  but  a  little  above  those  in  the  show  of  the  previous  September. 

Interest  in  poultry  was  shown  by  good  exhibits  of  Dorkings,  Ply- 
mouth Rocks,  Light  Brahmas,  etc.  A  few  ducks  and  turkeys  were 
exhibited. 

Not  a  pig  was  to  be  seen  in  the  show. 

HIGH   PRICES  FOR  BREEDING  ANIMALS. 

The  demand  for  the  best  Shorthorn  blood  is  increasing  in  Argen- 
tina, and  it  is  a  better  market  for  good  young  bulls  than  ever  before. 
Every  ranchman  is  trying  to  improve  the  standard  of  his  herd,  culling 
out  the  undesirable  cows,  getting  as  good  bulls  as  he  can  afford  to 
buy,  and  preparing  to  give  his  cattle  alfalfa  pasture,  if  not  to  finish 
them  with  corn  and  dry  alfalfa.  The  aim  of  everyone  is  to  produce 
steers  for  export,  either  alive  or  as  chilled  beef.  This  has  multiplied 
the  requirements  of  the  country  for  breeding  stock.  There  is  no  indi- 
cation of  a  decrease  in  the  demand,  but  rather  of  an  increase,  for  the 
planting  of  alfalfa  is  more  than  doubling  the  carrying  capacity  of 
Argentine  grazing  land,  while  the  building  of  new  "frigorificos" 
insures  better  prices  because  of  competition. 

Dr.  E.  Ramos  Mexia,  president  of  the  Argentine  National  Rural 
Society,  expressed  the  opinion,  in  his  address  upon  the  opening  of  the 
annual  show  in  September,  1003,  that  exportation  of  cattle  alive  from 
Argentina  was  an  unstable  business  that  could  never  compete  with 
the  "  frigorificos."  ''  With  one-fourth  the  cost  of  transportation,"  he 
said,  '* chilled  meat  brings  the  same  price  as  that  sent  on  the  hoof." 
The  losses  suffered  by  those  engaged  in  shipping  live  steers  from 
Argentina  to  England  from  February  to  May,  1903,  when  English 
ports  wer6  open  to  Argentine  live  stock,  and  the  high  prices  for  both 
steera  and  sheep  prevailing  since  the  English  ports  were  closed  to 
Argentina,  are  facts  cited  by  Dr.  Ramos  Mexia  in  support  of  his 
statement. 

SALES  OP  SHORTHORN  BULLS. 

In  an  auction  sale  in  Buenos  Aires  November  4,  1903,  a  Shorthorn 
bull  from  the  herd  of  William  Duthie,  just  imported,  was  sold  to  Don 
Gregorio  Villafaiie,  who  is  the  leading  Hereford  breeder  of  the  coun- 
try, for  $7,260,  the  highest  price  ever  paid  for  a  bull  in  Argentina. 
Others  in  the  same  lot  were  sold  for  $3,960,  $3,080,  $1,760,  and  so  on, 
the  lowest  being  $-^80,  and  the  average  for  the  nine  being  $2,479. 
Several  other  sales  of  English,  Scotch,  and  Irish  bulls  were  held  in 
Buonos  Aires  during  September  and  October,  when  the  prices  wei*e 
from  $700  to  $3,500,  and  probably  about  150  imported  animals  were 
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sold  at  these  prices.  These  sales  have  continued  at  short  intervals 
since  that  time,  and  high  prices  have  always  been  realized  for  Short- 
horns imported  from  England. 

PRICES  AT  NATIONAL  LIVE-STOCK  SHOW. 

At  the  time  of  the  National  Live  Stock  Show  in  Buenos  Aires  in 
September  and  October,  11K)2,«  the  opinion  was  quite  general  that  the 
prices  then  paid  for  breeding  animals  raised  in  the  country  would  not 
be  maintained  another  3'ear.  Both  breeders  and  auctioneers  said  so. 
15ut,  on  the  contrar3%  the  sales  at  the  recent  show  in  September  and 
Octol)er,  1903,  brought  better  prices  than  in  1902,  and  under  very  dis- 
couraging circumstances.  Foot-and-mouth  disease  bad  broken  out 
in  the  show  itself,  as  it  was  prevalent  in  the  countrj'.  It  is  stated 
that  40  per  cent  of  the  ammals  on  exhibition  had  the  disease.  Many 
animals  were  sold  when  they  were  actually  afflicted,  but  it  does  not 
seem  to  have  discouraged  the  pajmient  of  good  prices.  The  disease 
is  said  to  have  been  in  a  mild  form,  and  but  very  few  animals 
died.  Those  kept  in  pens  in  the  open  air  were  much  less  affected 
than  those  in  stalls  and,  if  they  did  t^ke  the  disease,  fell  away  much 
less  than  the  (carefully  prepared  show  animals  in  the  sheds.  Animals 
brought  up  in  the  open  field  showed  more  vitality,  and  this  is  one  rea- 
son for  the  high  prices  obtained  for  grade  bulls  bred  in  the  open, 
without  shelter.  The  average  price  paid  for  all  Shorthorn  bulls,  pedi- 
gi'eed  and  grade,  field  bred  and  stable  bred,  in  1902  was  $372.  In 
1903  the  average  price  of  483  Shorthorn  bulls  of  all  grades  sold  by  one 
auction  house  was  $595.  The  total  sales  of  breeding  stock  in  this 
show  were  1008,404,  of  which  this  house  sold  $408,544,  or  more  than 
01  per  cent,  so  the  average  of  its  sales  is  not  far  from  the  average  for 
the  entire  show.  The  sales  of  1903  excee<led  those  of  1902  by  $100,013, 
or  nearly  18  per  cent,  though  the  number  of  entries  was  smaller. 
Every  animal  shown  or  sold  in  this  show  was  born  in  Argentina,  for  this 
was  a  national  show,  and  no  animals  except  those  bred  in  the  country 
could  be  shown  or  sold  on  the  grounds.  This  year's  show,  in  Septem- 
ber and  October,  1904,  may  be  an  international  show,  when  imx>orted 
animals  may  be  entered  for  prizes  and  for  sale. 

BREEDING-STOCK  SHOW. 
ENTRIES  OF  CATTLE,  HORSP^,  AND  SHEEP. 

The  entries  in  the  breeding-stock  show  of  September  and  October, 

1903,  were  as  follows: 

Shorthoni8, 

Registered  bulls 343 

Registered  bulls  for  sale  only . .  _ 184 

Grade  bulls 1,017 

Registered  cows 61 

«See  *'The  animal  industry  of  Argentina/'  by  Frank  W.  Bicknell,  Bulletin 
No.  48,  Bureau  of  Animal  Industry,  U.  S.  Department  of  Agriculture. 
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Gmde  cows - _ . .  380 

Reg^iatei^d  Polled  Dnrham  bulls 7 

RegiHtered  Polled  Durham  cows 5 


Total  Shorthorns  _._ _._ 1,877 

Herefordfi. 

Re^stered  bulls 47 

Re^stered  bulls  for  sale  only 27 

Qrade  bulls 39 

Re^stered  cows . . 28 

Grade  cows _ 34 


Total  Herefords 175 

Other  breeds. 

Registered  Polled  Ang^ns  bullb 3 

Registered  Holstein  and  Flemish  bulls _ 25 

Qrade  Polled  Angus,  Holstein  and  Flemish  bulls 32 


Total 60 

Total  cattle,  2,112. 

Horses, 
Stallions: 

Riding I 12 

Light  driving 56 

Heavy 54 

Light  and  heavy  road,  for  sale  only 48 

Camp  mares 90 


Totalhorses 260 

Sheep. 

Merino  rams _ 835 

Merino  ewes 80 

Lincoln  rams _ _ 275 

Lincoln  ewes 100 

Southdown  and  Shropshire  Down  rams 40 

Southdown  and  Shropshire  Down  ewes  .' 20 

Oxfordshire  Down  rams _ 30 

Oxfordshire  Down  ewes 20 

Hampshire  Down  rams 40 

Hampshire  Down  ewes 20 

For  sale  only: 

Rambouillet  rams 121 

Rambouillet  ewes _ 50 

Lincoln  rams - .  188 

Lincoln  ewes 12 

Oxfordshire  Down  rams -  -  10 

Oxfordshire  Down  ewes 20 

Hampshire  Down  rams 30 

Total  sheep 1,391 
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PRIZE  WINNERS  AND  PRICES. 

The  sales  of  prize  winners  in  the  pedijrreed  Shorthorn  classes  were 
as  follows: 

Bom  March  1  to  Deceniber .?/,  1900.— First  prize  and  championship  to  Ladas  6th, 
red  and  white,  bom  September  27,  1900.  sold  for  $4,840;  second,  a  roan,  sold  last 
year  for  $4,400;  third,  a  roan,  sold  for  $2,508;  fonrth.  a  roan,  sold  for  $2,508. 
In  this  class  there  were  41  entries  and  25  sales,  at  an  average  of  $1,466;  the  lowest 
was  $896  and  the  highest  $4,840. 

Bom  Jamuiry  1  to  June  30,  1001.— First  prize,  red  and  white,  sold  for  $1,848; 
second,  roan,  $1,864;  third,  roan,  $1,320;  fourth,  red  and  white,  $1,320.  There 
were  45  entries,  34  sales,  and  the  average  was  $1,195  each;  the  highest  was  $2,728 
and  the  lowest  $!)52.    Eleven  bulls  of  this  class  were  sold  for  $1,140  or  more  each. 

Bom  July  1  to  December  31,  1001. — First,  a  white  bull  that  sold  for  only  $748; 
second,  roan,  $2,288;  third,  red  and  white,  $2,640;  fourth,  red,  $748.  There  were 
91  entries  and  57  sales,  the  average  being  $1,088;  the  highest  was  $4,840  and  the 
lowest  $896.    Twelve  were  sold  for  prices  above  $1 ,540. 

Born  January  1  to  June  So,  1902. — First,  not  sold;  second,  roan,  $2,640;  third, 
not  for  sale;  fourth,  red  and  white,  $506.  There  were  20  entries  and  but  6  sales, 
as  most  of  these  young  bulls  are  reserved  for  the  next  year  s  sales.  The  highest 
price  paid  was  $2,640  and  the  lowest  $418. 

AUCTION  SALES  OF  CATTLE,  HORSES,  SHEEP,  AND  HOGS. 

Details  covering  about  two-thirds  of  all  the  animals  sold  in  the  show 
indicate  the  general  character  of  the  whole,  all  sales  being  at  auction. 
These  sales,  amounting  to  $408,544  in  United  States  currency,  were 
as  follows: 


Nnmber  and  kind  of  animals  sold. 


Pedigreed  cattle: 

198  Shorthorn  bulls 

10  Hereford  bulls 

4  Flemish  bulls 

Grade  cattle: 

285  Shorthorn  bulls 

16  Hereford  bulls 

93  cows  and  heifers 

Pure  bred  horses: 

10  Clydesdale  stallions  . .. 

9  Hackney  stallions 

3  Anglo-Norman  stallions 

13  Percheron  stallions 

8  Shire  stallions 

'9  Yorkshire  stallions 

2  Hackney  ponies 

6  Hackney  mares 

Grade  mares: 

16  cart  mares 

8  coaching  mare  * 

36  Clydesdales 

12  coarhing  mares 

8  Hackney  mares 

6  female  asses 


Amount  of 
sales. 


$186,175 
4,777 
1,826 

101,409 
1,760 
9, 750 

6,820 

4. 576 

668 

9, 328 

4,288 

3,190 

228 

2,028 

1,120 
440 

4, 356 
552 
352 
158 


Prices  iier  anim&l. 


Average. 


Highent.  '  L«owest 


$940  $4, 840 
477  j  1,320 
456  660 


356 
110 
105 

682 
508 
334 
718 
536 
354 
114 
338  i 

70 
55 
121 
46 
44 
26 


1,650 
137  ! 
286 

I 

1,342 
1,430 
334 
1,364 
748 
484 
114 
396 


$286 
264 
264 

53 
53 
26 

264 
264 
334 
374 
808 
220 
114 
242 
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Number  and  kind  of  animals  sold. 


Sheep: 

217  Merino  rams 

25  Merino  ewes 

142  Lincoln  rams 

18  Hampshire  rams 

30  Hampshire  ewes 

1  Shropshire  ram 

5  Shropshire  ewes 

15  Oxfordshire  Down  rams 

Hogs: 

4  male  and  4  female  Yorkshires 

3  Berkshire  boars 


Amount  of 
Hales. 


$41 

17 
1 


,996 
352 

,818 
,848 

87)8 
75 

286 


680 

128 


Pi'ices  pier  animal 
Average 


Highlit. 


$194 

14 

122 

103 

29 


$1,760 

18 

1, 056 

264 


Loweirt. 


\ 


$15 
13 
44 
75 


57 

104 

85 
41 


154 

101 
44 


I 


i4 

79 
40 


A  new  ruling  of  the  Rural  Society  requires  the  auctioneers  to  col- 
lect their  commission  of  G  per  cent  from  the  buyers,  who  pay  cash, 
and  the  auctioneers  must  pay  2  per  cent  of  their  commissions  to  the 
society.    Auctioneers'  commissions  are  now  always  x>aid  by  purchasers. 

Herefords  and  Polled  Angus  were  rather  poorly  represented,  and 
prices,  it  will  be  noticed,  were  far  below  those  obtained  for  Shorthorns. 

One  breeder  sold  20  young  pedigreed  Shorthorn  bulls  for  an  aver- 
age of  $1,310  each.  Another  sold  24  **camp"  bulls,  with  which  no 
special  pains  had  been  taken,  for  $924  each.  Several  other  breeders 
did  nearly  as  well  with  Shorthorns.  The  sales  wei'e  all  extremely 
satisfactory. 

The  development  of  the  dairy  interest  continues,  and  the  exhibits 
and  attention  paid  to  this  department  by  the  people  excelled  the  pre- 
vious year.  The  demand  for  dairy  machinery  and  appliances  is  very 
active. 

The  popularity  of  the  Merinos  is  also  shown  by  the  sales.  The 
average  price  for  Rambouillet  rams  in  1902  was  $159,  wiiile  this  j^ear 
(1903)  it  was  $194.  One  ram  sold  for  $1,760  and  another  for  $1,408. 
The  former  is  the  highest  price  ever  paid  for  a  ram  born  in  the  coun- 
try. The  highest  price  the  previous  year  was  $880.  The  lot  of  10  to 
which  the  two  mentioned  belonged  averaged  $422  each.  The  sire  of 
these  rams  was  imported  from  Germany  in  1900  and  sold  for  $2,464.  In 
1903  335  Rambouillet  rams  were  shown,  against  304  the  previous  year. 
In  Lincolns  832  rams  were  shown  in  1902,  and  only  463  in  1903.  The 
average  price  in  1902  was  $99,  and  in  1903  the  average  of  one  auc- 
tioneer was  $122,  the  higher  prices  being  no  doubt  due  to  the  smaller 
number  offered.  The  champion  Lincoln  ram  in  1902  sold  for  $704, 
and  in  1903  the  champion  brought  $1,056  and  another  one  $880.  In 
January,  1904,  a  Lincoln  ram  lamb,  bred  in  the  country,  sold  for  $4,600 
paper  ($2,024  United  States  money),  the  highest  price  ever  paid  for 
a  native  Lincoln  ram  in  Argentina. 
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Horse  sales  were  about  the  same  as  in  1002,  but  prices  were  slightly 
better  for  the  iKist  of  the  draft  animals  and  for  the  liffht  roadsters, 
but  lower  for  the  common  "camp"  mares. 

A  few  pigs  were  offered,  but  most  of  the  classes  were  without 
entries 

IMPORTS  OP  BREEDING  STOCK. 

Imports  of  pedigreed  stock  into  Argentina  for  breeding  purposes 
have  been  as  follows  since  1896: 


Anmud  imports  of  animaUt  by  classes. 


Year. 


1806. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1908. 


Cattle. 

Sheep. 

WW 

7,305 

916 

7,300 

6S3 

6,96te 

1,561 

4,889 

ff)8 

9,165 

m 

164 

64 

272 

663 

1,877 

Hones. 

aSSCS. 

116 

Pigs. 

163 

105 

184 

71 

25 

154 

31 

2 

129 

7 

19 

8US 

74 

3 

441 

15 

30 

5 
19 

61 

22 

The  classification  of  the  principal  breeds  was  as  follows: 

Imports  of  cattle  by  breeds. 


Breeds. 


Dnrham 

Hereford 

Polled  Anflrus . . 
Red  Shorthorn 


1899. 

1900. 
300 

1901. 

1902. 
32 

1908. 

6U2 

572 

46 

14 

6 

31 

25 

6 

4 

38 

814 

118 

1 

Imports  of  sheep  by  breais. 


Breeds. 


Lincoln I    3,riwQ7 

Ram1»ouillet 4H5  ' 


Hampshiredown 

Shropshire 

Oxford 

Romney 

Leicester 


3S4 
103 


30 


1900. 

,         1 

1901. 

1902. 
271 

1^179 

1,860 
269 

ei" 

64 

253 

299 

44 

71 

25 

12:)  ' 

60 

:i8 

1 

Tliese  statistics  were  prepared  b}'  the  Bureau  of  Statistics  of  the 
Argentine  Department  of  Agriculture. 


HANDLIirO  CATTLE  IN  THE  "  BE£TE. 


f) 


While  there  are  many  wild  cattle  in  Argentina  that  have  never  felt 
the  civilizing  influence  of  improved  blood  or  modern  treatment,  these 
are  not  the  ones  with  which  the  world's  beef  markets  are  concerned. 
The  best  steers  are  mostly  unfamiliar  with  any  feed  but  grass  and 
alfalfa  and  are  provided  with  no  shelter,  but  they  are  more  or  less 
tame.     They  are  not  the  wild,  racing  creatures  we  have  read  about 
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and  seen  pictured  in  the  geographies.  The  well-managed  estaneia 
has  its  cattle  well  in  hand,  keeping  close  account  of  them  and  han- 
dling them  f requentl}^  so  they  become  more  or  less  tractable.  They 
are  often  sorted  and  separated  into  different  lots  for  feeding  on 
different  pastures  for  market  at  different  times.  Then  there  is  the 
branding,  the  vaccination  for  anthrax,  the  castration,  sometimes  the 
trimming  or  removing  of  horns,  and  various  other  operations.  All 
these  things,  if  properly  done,  teach  the  animals  not  to  fear  being 
handled  and  make  them  better  travelers  when  they  go  to  market  by 
rail  or  sea,  or  both.  This  training, 
when  supplemented  by  a  little 
feeding  on  dry  alfalfa  and  corn, 
gives  the  steer  raised  by  modern 
methods  an  immense  advantage 
over  the  wild  animals  that  find 
their  way  to  Buenos  Aires,  espe- 
cially if  destined  to  go  on  board 
ship  for  transportation  to  markets 
over  seas. 

The  wild  creatures  wear  them- 
selves out  trying  to  break  away. 
They  are  in  abject  terror  of  every- 
thing near  them,  for  they  have 
never  been  restrained  in  any  way 
before.  Everything  is  new,  and 
they  do  not  understand  that  they 
will  not  be  hurt,  as  the  better 
trained  animals  do.  They  have 
never  seen  any  dry  food,  and  for 
days  they  do  not  eat.  In  the 
meantime  the  corral-broken  ani- 
mals are  not  losing,  but  are  eating 
all  they  can  get,  including  the 
portions  of  their  frightened  com- 
panions, and  are  gaining  flesh 
from  the  moment  they  are  un- 
loaded from  the  trains  that  bring' 

them  to  Buenos  Aires.     They  are  accustomed  to  being  handled  in 
close  quarters  from  their  calfhood,  and  they  fear  nothing. 

The  most  necessary  handling  of  the  wilder  steers  w^as  formerly  done 
by  means  of  a  long  rope  lassoed  around  the  animal's  horns  and  passed 
around  two  upright  revolving  posts.  The  animal  was  then  dragged  to 
the  posts  by  a  horse  and  held  there  with  much  difficulty  and  more  or  less 
brutality  while  any  necessary  operation  was  performed.  Naturally 
this  doe9  not  tend  to  quiet  the  animal's  fears  or  make  him  tame.    It  is 


Fig.  I.— The  yoke  of  the  brete.  This  yoke  is 
placed  inside  the  framework  of  the  narrow 
chute,  at  the  end  nearest  the  scale.  When 
the  animal,  released  from  behind,  puts  his 
head  through  the  opening  c2,  the  man  sta- 
tioned at  the  lever,  a,  quickly  pushes  it  down. 
This  action  closes  the  arms  of  the  yoke,  c  and 
6,  upon  the  animars  neck.  The  lover  pushes 
the  arm  h  and,  by  means  of  the  wire  running 
from  the  arm  c  over  the  top  of  the  brSte  to 
the  lever  a,  pulls  that  arm,  so  they  close 
quickly  and  simultaneously.  After  the  de- 
sired operation  is  performed  upon  the  ani- 
mal, the  lever  is  thrown  up  and  ho  is  released. 
The  triangular  swing  gate  is  swung  to  per- 
mit the  animal  to  pass  to  the  scale  or  to  the 
XKiddock,  as  desired.  After  he  is  weighed, 
the  gate  at  the  end  of  the  scale  may  be  ad- 
justed to  turn  the  animal  either  way,  to  the 
right  or  left,  and  in  this  way  they  are  sorted. 
On  the  other  side  of  the  brdte,  behind  the 
yoke,  is  another  lever,  similar  to  the  one 
shown  above,  by  which  the  animal  may  be 
held  more  closely  by  having  an  adjustable 
board  pressed  firmly  against  him,  forcing 
him  against  the  operating  side  of  the  chute, 
where  ho  is  already  held  by  his  head,  or  neck. 


30 


ALFALFA    AND   BEEF   PRODUCTION   IN    ARGENTINA. 


still  done  on  Home  of  the  old  native  estancias,  where  modern  methods 
have  not  been  adopted,  and  the  only  question  asked  about  a  bull  is 
whether  or  not  he  is  capable  of  performing  his  function.     But  the 


CORRAL 


COf^RAL 


PADDOCK 


BRETe  0/f  WORKING  FRAME 


SWff^O  GATE 


PADDOCK 


CATTLE   SCALE 


\ 


Fkj.  2. — (iromid  plan  of  tlie  br6te. 

more  progressive,  and  hence  more  successful,  estaucias  have  adopted 
Hu  idea  which  came  from  Australia  and  has  proved  of  great  value 
where  large  numbers  of  cattle  are  to  be  handled  frequently. 


^Corrals  Leading  into  Br£te. 


FiQ.  2— WoRKiNfl  Side  of  Br£t6. 


Fio.  3— Back  Side  of  Br^te. 


OONSTBUOnoN   OF  THE    BRETE. 


Klu.  a.— .Kwtlon  of  the  hrtlP, 
hsnlwnoJpuBti6by61in:h«8. 
HUiik  S  fi¥(  6  Intbee  In  the 


DESCRIPTION   OF   THE    BRETE. 

This  improved  method  or  apparatus  is  ealloil  a  brete  (PI.  VI),  and 
it  is  n  simple  piece  of  Ktoiit  framework  wiiich  may  he  made  by  any 
faruiur  if  he  will  jrive  it  a  little  study  and  get 
tlie  rijtht  materials.  Briefly,  it  is  a  long  chute 
opening  out  of  a  small  rouDd  corral,  and  that 
from  a  larger  one  by  a  gate  13  feet  long.  This 
chute  is  jURt  wide  enough  for  one  animal  to 
pHHS,  80  he  can  not  turn  back  or  crowd  ahead. 
It  has  crossbars  worked  with  levers  at  several 
places  to  hold  the  animals  and  prevent  them 
from  backing  out.  At  one  place  there  is  a 
working  frame,  where  the  animal  is  held  se- 
curely in  the  embrace  of  a  yoke  {fig.  1)  which 
closes  in  upon  his  neck,  and  any  sort  of  opera- 
tion may  be  performeil  upon  him  with  perfect 
ease  and 
without 
unueces- 
sarilyhurt 
tug  the  ani- 
mal or  al- 
lowing him 

to  hurt  himself.     Thence  he  goes 
to  the  scales  to  be  weighed,  or, 
if  not  desired  to  weigh  him,  he 
passes  by  an  adjustable  gate  into 
whichever  corral  his  presence  is 
desired.     This  is  a  rapid,  easy,  effective,  and  human<'  process,  and 
the  expense  of  building  the  brete 
is    not    great.     Many   estaucierus 
make  a  practice  of  putting  their 
cattle  through  it  often,  so  they  will 
be  accuat-omed  to  being  handlt;d. 
They  say  it  makes  them  less  wild, 
and  they  do  less   running  in  the 
pastures. 

A  ground  plan  of  a  model  brete 
on  the  Est.ancia  Victoi'ia,  near  Car- 
carniia,  the  property  of  Mr.  Henry 
B.    Coffin,    a    progressive     North 

American  breeder,  is  given  here-      fio.s.— TriaiiguiBrg»teftipndofihcbi*ie. 
with,  together  with  some  illustra- 
tions {figs.  2,  'i,  4,  and  5)  showing  how  the  details  are  arranged  and 
how  the  apparatus  is  operated.     The  dimensions  are  given,  so  that 
construction  may  be  made  from  this  plan.     The  whole  shows  a  very 
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conveniently  arranged  system  of  corrales  for  the  handling  of  large 
numbers  of  stock  where  classification  is  desirable,  and  this  classifica- 
tion is  regarded  as  an  important  feature  of  estancia  management  in 
Argentina.  The  woodwork  of  the  brete  should  be  of  strong,  straight- 
grained  hard  wood,  well  put  together  with  bolts  and  iron  braces, 
especially  the  brete  itself,  or  working  frame,  where  the  animal  is 
handled,  so  its  operation  will  be  certain  and  quick,  with  no  chance 
for  it  to  get  out  of  shape. 

DEHORNING  IN  THE  BRETE. 

Dehorning  may  be  done  in  the  brete  better  than  in  any  other  way, 
but  comparatively  little  of  it  is  done  in  the  country.  The  practice  is 
more  likely  to  be  that  of  applying  acid  to  the  embryonic  horns  of 
calves,  if  the  breeder  thinks  it  worth  while  to  get  rid  of  horns.  Many 
do  not  see  the  advantages  of  hornless  cattle  and  claim  that  st-eei's  can 
be  handled  on  shipboard  better  with  horns  than  without.  A  steer 
without  horns  will  bring  a  little  more  than  one  that  has  them,  however. 
Three  or  four  more  cattle  can  be  put  into  a  car  if  they  are  without 
horns.  They  travel  in  better  condition,  and  the  difference  in  the 
hides  is  quite  noticeable.  The  advocates  of  dehorning  are  increasing 
and  so  is  the  interest  in  the  hornless  breeds,  particularly  Polled  Dur- 
hams.  The  prize  fat  steers  shown  in  May,  1903,  by  Dr.  Benito 
Villanueva,  were  all  without  horns,  and  his  firm  belief  in  the  policy 
of  dehorning  has  had  quite  an  influence. 
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REPORT 


OF  THE 


SECRETARY  OF  AGRICULTURE. 


To  THE  President: 

I  have  the  honor  to  submit  herewith  my  Eighth  Annual  Report  as 
Secretary  of  Agriculture. 

INTR0DT7CT0BY. 

Since  my  last  report  progress  has  been  made  in  securing  cooperation 
with  the  experiment  stations  of  the  several  States  and  Territories; 
some  of  the  Bureaus  of  the  Department  make  research  in  conjunction 
with  all  the  stations.  Preliminary  steps  have  been  taken  to  conduct 
feeding  and  breeding  experiments  m  several  States  looking  to  the 
development  of  breeds  of  animals  suitable  to  our  conditions  of  climate 
and  soils,  and  capable  of  meeting  the  demands  of  commerce  at  home 
and  abroad. 

Emergencies  arising  through  the  invasion  of  the  cotton-growing 
States  by  the  boll  weevil,  a  Central  American  insect  that  has  done 
much  damage  in  Texas  ana  threatens  the  entire  cotton-growing  section 
of  our  country,  have  been  met  by  vigorous  work  that  promises  to 
enable  the  planters  to  grow  crops  in  defiance  of  the  pest.  The  spread 
over  several  of  the  mountain  States  of  a  cattle  mange  required  vigor- 
ous intervention  by  the  Department.  It  was  necessary  to  detail  a 
large  force  of  experts  to  supervise  the  dipping  of  the  herds  in  order 
to  eradicate  the  parasite.  (Jooperation  with  most  of  the  States  has 
been  arranged,  and  the  rest  promise  to  secure  State  legislation  to 
compel  all  Sock  and  herd  masters  to  clean  their  stock. 

The  demand  in  the  States  for  experts  to  supervise  the  building  of 
roads  suggests  the  education  of  engineers  in  the  road  laboratory  for 
that  work. 

The  eflforts  of  the  Department  to  create  a  hardy  orange  tree  that 
would  produce  a  sweet  orange  have  at  last  been  successful.  A  hybrid 
of  the  r  lorida  orange  and  Japanese  trifoliata  has  fruited  and  given  us 
the  desired  result.  Another  hybrid  gives  us  an  orange  very  similar 
to  the  grape  fruit,  and  a  third  gives  us  a  fruit  equal  to  the  lemon  for 
all  practical  purposes.  Other  fruits  of  these  hybrids  will  be  valuable 
for  marmalades  and  cooking. 

Valuable  research  has  been  made  in  fruit  shipping  to  foreign  coun- 
tries; the  value  of  promptly  placing  fruit  in  low  temperatures  as  soon 

as  it  is  taken  from  the  tree  is  demonstrated. 
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The  value  of  nitrogen-fixing  bacteria  has  been  thoroughly  proved, 
greatly  increasing  yields  of  leguminous  plants  and  the  accompanying 
production  of  nitrogen  in  the  soil. 

Progress  is  being  made  in  introducing  plants  that  succeed  in  light 
rainfall  localities. 

Importers  of  foods  and  drinks  are  obeying  the  law  with  regard  to 
adulterations  and  false  labeling. 

The  elements  of  agricultural  science  are  gradually  finding  their 
place  in  the  primary  and  secondary  schools,  through  the  instruction 
of  teachers. 

We  buy  over  $200,000,000  worth  of  products  from  tropical  countries 
that  can  not  be  grown  in  continental  iJnited  States.  Through  scien- 
tists sent  from  the  United  States  to  the  several  island  groups  the 
Department  is  instructing  the  people  of  our  island  possessions  to 
grow  these  things,  such  as  coffee,  rubber,  fibers,  drug  plants,  nuts, 
fruits,  spices,  and  the  like. 

Our  farmers  buy  1100,000,000  Worth  of  machinery  every  year.  A 
better  knowledge  of  its  use  and  care  is  necessary.  Several  agricul- 
tural colleges  are  taking  up  this  inquiry,  and  giving  instruction  in 
regard  to  machinery  and  farm  buildings. 

AGBIGTTIjTTTSE  as  a  80X7RGE  OF  NATIOKAIi  WBAI«TH. 

Favored  with  continued  prosperity  in  1904,  the  farming  element  of 
the  people  has  laid  broader,  deeper,  and  more  substantial  the  founda- 
tions of  a  magnificent  agriculture.  These  happy  results  have  aug- 
mented the  similar  ones  of  1903,  so  that  a  period  of  some  industrial 
depression  during  the  last  two  years  has  been  saved  by  the  farmers 
from  the  severer  conditions  that  must  otherwise  have  befallen  in  con- 
sequence of  the  absorption  of  a  large  portion  of  the  readily  convertible 
capital  of  the  nonagricultural  classes  mto  great  and  prevalent  specula- 
tions. Thus  it  has  happened  the  farms  of  the  nation  have  been  that 
sustaining  power  upon  which  a  basic  dependence  must  be  placed  in  all 
stresses  by  a  people  endeavoring  to  maintain  economic  self-sufiiciency. 

WEALTH  PRODUCED  BY  FARMERS. 

As  great  as  the  financial  successes  of  agriculture  were  in  1903, 
hitherto  without  equal,  those  of  1904  advanced  somewhat  beyond  them. 
While  some  products  have  fallen  behind  in  value  others  nave  more 
than  filled  the  deficit,  and  the  general  result  is  that  the  farmers  have 
produced  in  value  much  more  wealth  than  they  ever  did  before  in  one 
year. 

One  conspicuous  item  that  has  contributed  to  this  is  the  corn  crop. 
With  a  quantity  closely  approaching  2i  billions  of  bushels,  near  the 
record  crop  of  1902,  the  high  price  of  this  year  gives  this  crop  a  farm 
value  much  greater  than  it  ever  had  before,  far  exceeding  a  billion 
dollars.  With  this  crop  the  farmers  could  pay  the  National  debt  and 
the  interest  thereon  for  one  year,  and  still  have  enough  left  to  pay  the 
expenses  of  the  National  Government  for  a  large  fraction  of  a  year.  The 
cotton  crop,  including  seed,  became  the  second  one  in  value  in  1908,  and 
remains  so  in  1904.  It  is  now  too  early  to  state  even  with  approximate 
accuracy  what  the  farm  value  of  this  crop  is,  but  indications  are  that 
~  e  farm  value  of  lint  and  seed  must  reach  $600,000,000.     In  this  case, 
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as  in  the  case  of  all  other  statements  herein  made  concerning  crop 
values  for  1904,  it  must  be  borne  in  mind  that  the  amounts  have  not 
been  finallv  determined  by  the  Department,  that  the  figures  may  be 
considerably  changed  when  the  annual  estimate  is  made  in  ^he  usual 
way,  and  that  the  values  are  at  the  farm,  and  are  not  commercial 
values  at  the  exchange  or  anywhere  else. 

Hay  and  wheat  are  contending  for  the  third  place  in  point  of  value, 
although  for  many  years  one  or  the  other  has  held  second  place  or 
been  next  to  corn.  It  is  expected  that  these  crops,  hay  ana  wheat, 
will  together  be  worth  on  the  farm  this  year  nearly  as  much  as  the 
corn  crop,  or  appreciably  more  than  one  billion  dollars.  Although 
the  wheat  crop  nas  a  considerably  lower  production  than  in  any  year 
since  1900,  the  farm  value  per  bushel  is  higher  than  at  any  time  since  , 
1881,  so  that  this  is  undoubtedly,  by  a  considerable  margin,  the  most 
valuable  crop  of  wheat  ever  raised  in  this  country. 

It  now  seems  probable  that  potatoes  and  barley  reached  their  high- 
est production  in  1904;  that  the  oat  crop  was  never  so  large  by 
60,000,000  bushels,  except  in  1902;  and  that  more  rice  was  produced 
than  in  any  previous  year  by  toward  300,000,000  pounds,  so  that  the 
present  crop  of  rice  has  a  commercial  estimate  of  900,000,000  pounds. 

The  principal  crops  that  are  valued  annually  by  the  Department  or 
by  commercial  houses  have  an  aggregate  farm  value  this  year  which 
at  the  date  of  this  writing  apparently  amounts  to  $3,583,339,609.  The 
same  crops  in  1903,  as  nnally  estimated,  had  a  farm  value  of  $3,156,- 
099,392  and  had  a  census  value  for  1899  of  $2,526,345,478.  In  these 
principal  crops,  therefore,  the  farmers  find  an  increase  in  value  for 
1904  of  14  per  cent  over  1903  and  of  42  per  cent  over  the  census  year 
five  years  ago. 

On  account  of  the  difBeulty  of  estimating  the  present  number  and 
value  of  farm  live  stock,  it  must  be  sufiicient  to  compare  the  farm 
equipment  in  this  respect  at  the  beginning  of  this  calendar  year  as 
determined  by  this  Department  with  similar  statements  made  for  1^03. 
Farm  horses  have  increased  slightly  in  number  and  more  in  value,  and 
in  the  aggregate  they  never  were  so  valuable  as  in  1904,  with  a  total 
of  $1,136,940,298.  The  value  of  farm  mules  also  reached  its  highest 
point  in  1904,  $217,532,832.  Cattle  have  declined  a  little  in  number 
and  more  in  value,  and  the  same  is  true  with  regard  to  sheep  and  hogs; 
but  the  steady  advance  of  poultry  in  number  and  in  the  quantity  and 
value  of  products  leads  to  some  astonishing  values  for  1904  when 
the  census  ratios  of  increase  from  1890  to  1900  are  extended  to  the 
present  year.  The  farmers'  hens  are  now  producing  If  billions  of 
dozens  of  eg^s  yearly,  and  these  hens  during  their  busy  season  lay 
enough  eggs  in  two  weeks,  at  the  high  prices  of  eggs  that  have  pre- 
vailed during  the  year,  to  pay  the  year's  interest  on  the  National  debt. 

UNTHINKABLE  AGGREGATES. 

After  a  laborious  and  careful  estimate  of  the  value  of  the  products 
of  the  farm  during  1904,  made  within  the  census  scope,  it  is  safe  to 
place  this  amount  at  $4,900,000,000,  after  excluding  the  value  of  farm 
crops  fed  to  live  stock  in  order  to  avoid  duplication  of  values.  A 
similar  estimate  made  for  1903  gives  $4,480,000,000,  and  the  census 
total  for  1899  is  $3,742,000,000.    It  is  by  no  means  to  be  admitted  that 
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these  figures  represent  fully  the  value  of  the  wealth  produced  on 
farms.  Within  the  limits  of  ascertainable  values,  the  farms  of  1904 
produced  an  aggregate  wealth  with  a  farm  valuation  that  was  9.65 
per  cent  above  the  product  of  1903,  and  31.28  per  cent  above  the 
figures  for  the  census  year  1899. 

An  occupation  that  has  produced  such  an  unthinkable  value  as  one 
aggregating  nearly  $6,000,000,000  within  a  year  may  be  better  meas- 
ured by  some  comparisons.  AH  of  the  gold  mines  or  the  entire  world 
have  not  produced  since  Columbus  discovered  America  a  greater  value 
of  gold  than  the  farmers  of  this  country  have  producea  in  wealth  in 
two  years;  this  year's  product  is  over  six  times  the  amount  of  the 
capital  stock  of  all  national  banks;  it  comes  within  three-fourths  of  a 
« billion  dollars  of  equaling  the  value  of  the  manufactures  of  1900, 
less  the  cost  of  materials  used;  it  is  twice  the  sum  of  our  exports  and 
imports  for  a  year;  it  is  two  and  a  half  times  the  gross  earnings  from 
the  operations  of  the  railways;  it  is  three  and  a  half  times  the  value  of 
all  minerals  produced  in  this  country,  including  coal,  iron  ore,  gold, 
silver,  and  quarried. stone. 

FOREIGN  TRADE. 

In  the  exportation  of  their  surplus  during  the  year  ending  June  30, 
1904,  the  farmers  of  the  country  kept  well  up  to  the  high  level  of 
recent  years.  The  average  annual  value  of  the  exports  of  farm  prod- 
ucts during  the  five  years  1899-1903  was  $864,930,137,  and  the  value 
for  1904  was  but  little  below,  or  $859,170,582.  The  year  1904  was 
exceeded  by  only  two  years,  1903  and  1901,  in  the  value  of  exported 
farm  products. 

On  the  other  hand,  the  imports  of  farm  products  for  the  fiscal 
year  1904  were  higher  in  value  than  ever  before,  this  value  being 
$462,384,570,  leaving  an  apparent  balance  of  trade  in  farm  products 
in  ftiivor  of  this  country  of  $396,786,012,  or  the  lowest  balance  in 
these  products  since  1897.  The  balance  declined  $26,495,220  in  1904. 
This  is  accounted  for  on  the  side  of  imports  mostly  by  increases  in 
the  imports  of  coflFee,  wool,  tea,  cocoa,  and  chocolate;  and  on  the 
side  of  exports  it  is  accounted  for  principally  by  a  decrease  of  over 
$72,000,000  in  the  value  of  exported  grain  and  grain  products  which 
was  not  balanced  by  an  increase  of  about  $55,000,000  in  the  value  of 
exported  cotton. 

During  the  last  fifteen  years  the  apparent  balance  of  trade  in  favor 
of  this  country,  all  articles  considered,  was  $4,384,574,143.  This  was 
owing  entirely  to  the  balance  of  trade  in  farm  products,  which  during 
the  same  time  amounted  to  $5,202,551,016,  and  was  large  enough  to 
leave  the  above-mentioned  balance  of  trade  after  sustaining  adverse 
balances  in  products  other  than  those  of  the  farm,  amounting  to 
$817,976,963. 

INCREASE   OP  FARM  CAPITAL. 

The  subject  of  the  achievements  and  financial  condition  of  the  farm- 
ing population  may  be  pursued  farther.  While  the  farmers  have  been 
increasing  their  annual  product  of  wealth  since  1899  from  great  pro- 
portions to  still  greater  ones,  the  value  of  their  farm  property  has 
gone  on  increasing.  Ratios  of  increase  from  the  last  three  censuses 
indicate  that  since  1900  the  farm  land  with  improvements,  including 
buildings,  have  increased  in  value  IJ  billions  of  dollars;  the  imple- 
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ments  and  machinery,  over  $100,000,000;  the  principal  classes  of  live 
stock  (corrected  by  the  Department's  information),  $240,000,000. 
Hence  the  apparent  total  of  the  increase  in  the  value  of  farms  and 
fama  property  within  four  years  amounts  to  about  $2,000,000,000,  a 
total  that  seems  to  be  under  the  fact,  since  it  does  not  recognize  the 
marked  increase  in  cotton,  corn,  wheat,  and  other  lands  with  hi^h  crop 
values  during  the  last  two  years.  The  cotton  crop  brought  to  planters 
not  merely  an  increased  price  per  pound,  but  it  at  once  made  cotton 
lands  more  valuable  to  the  extent  of  several  dollars  per  acre,  according 
to  numerous  reports  received  by  the  Department. 

EVIDENCE   OF  THE   BANKS. 

The  improved  financial  condition  of  the  farmer  is  indicated  express- 
ively by  deposits  in  banks  in  several  States  in  which  there  is  so  little 
manufactunng^and  mining  that  the  conditions  are  chiefly  created  by 
i^riculture.  The  three  agricultural  States — Iowa,  Ejinsas.  and  Mis- 
sissippi— may  be  selected  for  a  comparison  with  the  United  States  as  a 
whole.  Individual  deposits  in  the  National  banks  of  Iowa  increased 
from  June  30,  1896,  to  October  31,  1904,  137  per  cent;  Kansas,  212 
per  cent:  Mississippi,  286  per  cent;  the  United  States,  92  per  cent,  or 
much  below  the  increases  of  the  States  named.  In  the  State  and  pri- 
vate banks  deposits  during  this  time  increased  128  per  cent  in  Iowa, 
227  per  cent  in  Kansas,  306  per  cent  in  Mississippi,  and  185  per  cent 
in  the  United  States.  In  the  savings  banks  of  Iowa  the  increase  in 
depK>sits  was  215  per  cent,  as  compared  with  53  per  cent  for  the 
United  States.  All  kinds  of  banks  being  combined,  the  deposits 
increased  164  per  cent  in  Iowa,  219  per  cent  in  Kansas,  301  per  cent 
in  Mississippi,  and  91  per  cent  in  the  United  States. 

A  similar  comparison  favorable  to  the  agricultural  States  may  be 
made  with  regard  to  the  number  of  depositors.  In  the  savings  banks 
of  Iowa  the  number  of  depositors  increased  209  per  cent  from  1896  to 
1904,  and  in  the  United  States  36  per  cent.  For  National  banks,  com- 
parison may  be  made  between  highly  industrial  and  agricultural  States 
as  follows:  The  number  of  depositors  increased  from  1889  to  1903  by 
145  i)er  cent  in  Massachusetts,  117  per  cent  in  New  York,  258  per 
cent  in  Kansas,  and  263  per  cent  in  Mississippi.  The  increase  in  Iowa 
was  184  per  cent,  the  low  figure  being  accounted  for  by  the  large 
development  of  savings  banking.. 

The  Comptroller  of  the  Currency  has  ascertained  the  average 
amount  of  the  daily  deposits  in  National  banks,  and  from  his  statement 
it  appears  that  the  average  daily  deposits  in  October  in  the  National 
banks  of  Kansas  increased  625  per  cent  from  1889  to  1903,  in  Iowa 
105  per  cent,  in  Mississippi  89  per  cent,  in  Massachusetts  106  per 
cent,  and  in  New  York  207  per  cent. 

The  farmera'  rate  of  financial  progress,  as  evidenced  by  the  foregoing 
statements,  need  fear  no  comparison  with  that  of  any  other  class  of 
producers.  The  farmer  may  not  become  a  millionaire,  but  he  is  surer 
than  the  millionaire  to  rietain  his  wealth  and  to  have  independence  in 
living. 

GENERAL  DIFFUSION  OF   WELL-BEING. 

The  diffusion  of  well-being  among  farmers  throughout  all  parts  of 
the  country  is  one  of  the  most  conspicuous  features  of  the  recent  agri- 
cultural development.     This  attracted  attention  a  year  ago  and  is  now 
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even  more  noticeable;  because  the  great  South  is  more  especially 
enjoying  this  growth  of  well-being,  owing  to  the  enhanced  value 
of  the  cotton  crop  in  addition  to  the  general  progress  in  agri- 
culture. The  Eastern  farmer,  who  was  lon^  on  the  verge  of 
bankruptcy  in  competition  witii  the  virgin  soil  and  rapid  expan- 
sion of  the  northern  half  of  the  Mississippi  River  Valley,  has  sur- 
vived that  competition  and  now  enjoys  more  normal  conditions,  owing 
to  the  creation  and  maintenance  of  many  large  near-by  markets  by 
many  varied  industries.  The  Pacific  Coast  has  long  been  prosper- 
ous with  its  world-famed  specialties;  the  mountain  States  are  glad 
with  the  fruits  and  promises  of  irrigation;  in  the  older  prairie  States 
the  farmer  has  seen  his  land  go  from  $1.25  an  acre,  or  from  a  home- 
stead gift,  to  $100  and  $150;  and  the  "Great  American  Desert,"  as 
it  was  called  when  it  was  nothing  but  a  buffalo  range,  is  now  peopled 
by  a  progressive  race  of  farmers,  whose  banks  are  filled  to  overflow- 
ing with  the  proceeds  of  their  products. 

WEATHER  BTTBBAXr. 

OBSERVATORY   BUILDINGS. 

Carrying  out  the  polic}^  of  the  Department,  the  Weather  Bureau 
has  continued  to  cooperate  with  the  leading  universities  throughout 
the  countiT,  and  at  tne  present  time  the  relations  existing  are  more 
intimate  and  the  work  done  more  important  than  at  any  time  in  the 
history  of  the  service.  Several  universities  and  colleges  nave  donated 
ground  for  the  erection  of  buildings.  Appreciation  of  the  value  of 
tne  work  being  done  by  the  Weather  Bureau  has  also  been  demon- 
strated by  several  universities  in  placing  at  the  disposal  of  the  Bureau, 
without  cost,  oflSce  (quarters  in  their  buildings  for  recently  established 
stations.  The  erection  of  buildings  by  the  Weather  Bureau  saves  the 
amount  previously  paid  for  rent  of  office  quarters. 

FORECASTS. 

m 

Weather  forecasts  for  thirty-six  and  forty -eight  hours  in  advance 
have  been  made  daily  throughout  the  year  for  each  State  and  Terri- 
tory, and  special  warnings  of  gales  on  the  seacoasts,  Gulf,  and  Great 
Lakes,  and  of  cold  waves,  irost,  heavy  snows,  floods,  etc.,  have 
been  issued  when  the  advices  would  benefit  commercial,  agricultural, 
and  business  interests.  The  North  Atlantic  and  West  Indian  storm- 
warning  service  was  continued,  and  forecasts  for  the  first  three  days 
out  of  steamers  bound  for  European  ports  were  issued  daily  at  8  a.  m. 
and  8  p.  m.  In  a  number  of  instances  European  shipping  interests 
were  notified  of  the  character  and  probable  course  of  severe  storms 
that  were  passing  eastward  from  the  American  coast.  Daily  warnings 
and  advices  issued  in  connection  with  the  injurious  weather  conditions 
of  the  year  resulted  in  saving  much  property; 

RIVER  AND   FLOOD   SERVICE. 

The  floods  of  the  year  did  not  approach  in  character  and  impor- 
tance the  overflows  of  the  spring  of  the  year  immediately  preceding, 
when  over  100  human  lives  were  lost,  besides  property  valued  at 
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over  $40,000,000.  There  were,  nevertheless,  severe  floods  at  various 
times,  and  in  the  management  of  the  work  occasioned  by  them  the 
river  and  flood  service  continued  to  demonstrate  its  usefulness  and 

S 'owing  efficiency  as  a  valuable  branch  of  the  Weather  Bureau.  That 
ere  has  been  constant  progress  in  the  accuracy  of  its  work  is  evi- 
denced by  the  more  specific  and  detailed  character  of  the  forecasts  and 
warnings  in  localities  where  such  exact  work  had  heretofore  been 
considered  practically  impossible.  The  service  performed  during  the 
prevalence  of  the  great  winter  ice  gorges  in  the  Susquehanna,  Alle- 
gheny, and  Ohio  rivers,  with  their  attendant  floods,  was  especiallv 
noteworthy.  These  gorges  were  the  greatest  in  the  history  of  the  local- 
ities, and  that  their  great  dangers  were  minimized  is  due  in  no  small 
degree  to  the  timely  advices  and  warnings  of  the  Weather  Bureau. 

There  were  minor  floods  during  nearly  every  month  of  the  year, 
but  each  was  amply  covered  by  timely  warnings.  These  floods  were 
not  in  any  sense  alarming  or  dangerous,  but  they  nevertheless  attained 
sufficient  importance  to  endanger  a  large  amount  of  property. 

CLIMATE   AND  CROP  SERVICE. 

The  National  weather  and  crop  monthly  and  weekly  bulletins  and 
the  annual  summaries  and  monthly  and  weekly  bulletins  issued  from 
the  148  section  centers,  also  snow  and  ic(B  bulletins,  daily  bulletins 
issued  in  connection  with  the  corn,  wheat,  cotton,  sugar,  rice,  and 
fruit  services  during  the  growing  season,  and  the  apecial  snow  bulletins 
issued  during  the  winter  by  the  sections  in  the  Rocky  Mountain  and 
Plateau  regions  have  appeared  regularly  during  the  year  and  have 
been  of  great  value  in  affording  timely  information. 

DISTRIBUTION  OF  FORECASTS  AND  SPECIAL  WARNINGS. 

The  extensive  distribution  of  daily  forecasts  by  means  of  forecast 
cards  has  continued,  and  the  railway,  telegraph,  and  train  services 
have  supplied  in  the  aggregate  over  5,000  railroad  stations  with  bulle- 
tins generally  posted  in  the  waiting  rooms  for  the  benefit  of  emplovees 
and  tne  traveling  public.  The  number  of  addresses  on  the  rural  iree- 
delivery  list  has  been  greatlj  decreased  as  compukred  with  that  of  the 
previous  year,  owing  principally  to  the  discontinuance  of  the  after- 
noon forecast  at  some  of  the  centers  and  the  transfer  of.  a  large  por- 
tion of  this  work  to  the  free  telephone  service.  The  rural  telephone 
lines  are  now  the  best  and  most  economical  means  of  distributing 
weather  information.  The  forecasts  are  quickly  disseminated,  cover- 
ing a  large  territory  with  little  or  no  expense  to  the  Government.  By 
arrangements  made  with  two  of  the  great  trunk  telephone  lines  of 
Ohio  the  daily  morning  forecasts  are  now  available  for  the  use  of 
more  than  100,000  subscribers  in  that  State,  and  the  records  indicate 
that  nearly  one-half  of  that  number  have  taken,  ad  vantage  of  the 
opportunity  to  get  the  forecasts  in  their  homes  within  a  few  minutes 
Alter  their  preparation  at  the  district  center. 

MOUNT  WEATHER  METEOROIiOOICAL  RESEARCH  OBSERVATORY. 

During  the  past  year  the  main  building  of  the  Mount  Weather 
Observatory  has  been  completed,  while  the  power  plant,  the  building 
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from  which  balloon  ascensions  and  kite  flights  are  -to  be  made,  and 
the  magnetic  building  are  being  constructed.  The  physical  laboratory 
for  electrical  and  radioactive  effects  is  being  planned,  the  erection  of 
which  will  take  place  in  another  year.  Finally,  a  oomprehensiye 
physical  observatory  for  photographing  the  sun  oirectly  and  through 
the  spectrum,  for  measuring  radiation  energfy  by  actinometry  and 
bolometry,  with  their  allied  equipment,  will  be  required.  This  com- 
plex institution  must  grow  up  siowly  as  plans  can  be  matured  along 
the  best  modern  lines.  When  the  equipment  is  ready  we  shall  make 
and  send  out  apparatus  for  the  exploring  of  the  atmosphere  to  alti- 
tudes of  from  3  to  10  miles.  It  is  probable  that  many  balloons  will 
be  simultaneously  liberated  from  different  stations  so  as  to  get  records 
of  storms  and  cold  waves  from  their  four  quadrants.  With  observa- 
tions from  the  magnetic,  the  electric,  and  the  solar  physics  observa- 
tories, opportunity  for  study  will  be  given  to  those  who  believe  that 
the  cyclonic  and  anticyclomc  whirls  that  constitute  storms. and  cold 
waves  are  mainlv  the  result  of  changes  in  the  amount  or  intensity  of 
some  form  of  sofar  radiation.  It  is  the  purpose  to  make  the  research 
at  Mount  Weather  catholic  in  its  broadness. 

WIRELESS  TELEORAPHT. 

The  Department  of  Agriculture,  through  the  Weather  Bureau,  was 
one  of  the  first  of  the  Executive  Departments  to  take  up,  systematic- 
ally, experimentation  in  problems  concerned  with  tlie  development  of 
wireless  telegraphy.  By  this  action  research  into  the  physical  prob- 
lems concerned  m  transmitting  messages  through  the  medium  of  ether 
waves  was  greatly  stimulated  in  this  country.  Probably  one  of  the 
best,  if  not  the  best,  instruments  anywhere  made  for  the  receiving  of 
wireless  messages  had  its  inception  in  the  experimental  work  of  the 
Weather  Bureau.  Recently  a  board  was  appointed  by  you  to  consider 
the  whole  problem  of  wireless  telegrapny  and  the  relation  of  the 
Government  thereto.  Its  recommendations,  which  you  approved,  will 
result  in  the  discontinuance  of  experiments  along  this  line  by  the 
Weather  Bureau,  their  transfer  to  the  Navy  Department,  and  the 
transfer  to  the  Weather  Bureau  of  all  the  meteorological  work  now 
being  done  by  the  Navy  Department. 

LONG-RANGE   FORE0AST8. 

It  is  hoped  the  time  will  come  when  it  will  be  possible  to  forecast 
the  weather  for  coming  seasons,  to  specify  in  what  respect  the  coming 
month  or  season  will  conform  to  or  depart  from  the  weather  that  is 
common  to  the  month  or  season;  but  that  time  has  not  yet  arrived, 
and  the  ofBcials  of  the  Weather  Bureau  have  been  informed  that  they 
will  best  serve  the  public  interests  when  they  teach  the  communities 
they  serve  the  true  limitations  of  weather  forecasting. 

EDUCATION   IN   METEOROLOGT. 

The  Department  is  interested  in  the  general  introduction  of  meteor- 
ology into  the  courses  of  study  provided  by  the  universities  and  higher 
technical  institutions  of  the  country.  The  mode  of  teaching  and  the 
results  obtained  were  made  an  important  part  of  the  work  of  the 
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Convention  of  Weather  Bureau  Officials  which  was  held  at  Peoria, 
III.,  in  September,  1904.  At  an  increasing  number  of  educational 
institutions  Weather  Bureau  officials,  in  addition  to  their  regular 
duties  and  mainly  outside  of  office  hours,  deliver  courses  of  lectures 
on  meteorology. 

TELEGRAPH    SERVICE. 

To  meet  as  far  as  possible  the  pressing  demands  for  a  wider  distri- 
bution of  the  daily  telegraphic  reports  of  observations,  arrangements 
were  perfected  during  the  year  for  a  very  generous  increase  in  the 
number  of  such  reports  telegraphed  over  circuits  and  as  special  mes- 
sages, and  while  for  economical  reasons  it  is  impossible  to  satisfy  all 
demands  in  this  respect,  it  is  believed  that  the  present  distribution  of 
reports  will  result  in  a  much  more  comprehensive  displav  of  weather 
conditions  on  the  maps  and  bulletins  and  will  give  general  satisfaction 
both  to  the  public  and  to  our  officials  charged  with  making  district 
and  local  forecasts.  Submarine  cables  have  been  laid  from  Block 
Island,  Rhode  Island,  to  the  mainland;  from  South  Manitou  to  North 
Manitou  Island,  Michigan;  from  Flavel,  Oreff.,  across  the  mouth  of 
the  Columbia  River  to  Fort  Can  by.  Wash. ;  and  preparations  are  being 
made  for  laying  one  from  North  Nags  Head  to  Manteo,  Roanoke 
Island,  North  Carolina. 

The  reorganization  at  the  beginning  of  the  year  of  the  vessel  and 
wreck  reporting  service  of  the  Weather  Bureau,  with  additional  stations 
at  Sand  Key,  Florida,  and  Southeast  Farallone,  California,  has  largely 
added  to  the  effectiveness  of  this  popular  feature  of  the  bureau,  and 
is  much  appreciated  by  maritime  interests  genei"ally.  Vessel  and 
wreck  reports  are  now  furnished  free  of  charge,  except  for  telegraph 
tolls  over  commercial  lines,  to  all  corporations  and  individuals  wno 
may  apply  for  them.  Besides  reporting  passing  vessels,  an  important 
service  is  rendered  by  these  stations  in  connection  with  maritime 
disasters. 

INSTRUMENTAL  EQUIPMENT. 

The  Bureau  has  now  158  stations  completely  equipped  with  instru- 
ments by  means  of  which  an  automatic  record  is  made  of  the  direction 
and  velocity  of  the  wind,  the  duration  of  sunshine,  the  amount  and 
time  of  beginning  and  ending  of  rainfall,  and  the  temperature  and 
pressure  of  the  air.  With  one  or  two  exceptions  the  stations  that  are 
not  at  present  so  equipped  are  of  slight  impo]*tance,  or  in  general  have 
all  the  instruments  necessary  for  the  satisfactory  performance  of  their 
work.  One  hundred  and  fifty -nine  steel  towers,  with  the  improved 
auxiliary  equipment  for  the  display  of  storm  warnings,  are  now  installed 
at  as  many  stations  distributed  over  the  shores  of  the  Great  Lakes  and 
the  Atlantic  and  Pacific  seacoasts.  At  77  of  these  stations  high-power 
electric  lanterns  are  used,  and  at  the  others  improved  oil  lights. 

BtTBEAU  OF  ANHCAIi  IKDT7STBY. 

Our  animal  industry  is  shown  only  in  small  part  by  the  figures 
giving  the  exports,  yet  these  exports  are  so  large  as  to  be  worthy  of 
notice.  The  animals  exported  in  the  fiscal  year  1904  were  valued  at 
about  $48,000,000,  whicn  was  an  increase  over  the  previous  year  of 
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¥13,000,000;  the  exports  of  meat  and  meat  products,  including  oleo 
oil,  oleomargarin,  and  lard  compounds,  amounted  to  more  than 
$174,000,000,  a  decrease  of  $4,000,000  from  the  year  before.  We  also 
sent  abroad  nearly  $6,000,000  worth  of  dairy  products,  and  of  other 
animal  products,  such  as  hides  and  skins,  glue,  grease,  and  grease 
scrap,  over  $5,000,000  worth.  The  exact  toSil  of  tne  above  items  of 
export,  as  given  in  preliminary  returns,  was  $223,023,060,  which  was 
an  increase  over  the  previous  year  of  more  than  $12,000,000.  The 
Department  is  fostering  this  foreign  trade,  as  well  as  safeguarding 
the  live-stock  industry  within  our  own  country. 

INSPECTION  OF  ANIMALS   FOR  EXPORT. 

The  inspections  of  live  stock  for  export  included  Canadian  animals 
that  pass  tnrough  territory  of  the  United  States;  these  numbered  about 
26,000  cattle  and  60,000  sheep.  The  total  inspections  for  export,  includ- 
ing these  Canadian  animals,  were  790,496  for  cattle,  534,850  for  sheep, 
and  3,293  for  horses.  As  compared  with  similar  figures  for  the  fiscal 
year  1903,  this  statement  ghows  an  increase  of  43.7  per  cent  in  the 
number  of  American  cattle  exported  and  an  increase  of  116.5  per  cent 
in  the  number  of  American  sheep  exported.  The  number  or  horses 
exported,  however,  was  reduced  by  one- third. 

The  percentage  of  loss  in  transit  for  the  360,990  head  of  American 
cattle  landed  at  the  ports  of  London,  Liverpool,  and  Glasgow  was  but 
0.17;  the  percentage  of  loss  for  the  212,299  American  sheep  landed  at 
the  same  ports  was  0.94. 

The  number  of  clearances  of  vessels  engaged  in  carrying  live  stock 
was  774,  and  the  certificates  of  inspection  issued  for  American  cattle 
exported  to  Europe  numbered  1,419. 

INSPECTION  OF  IMPORT  ANIMALS. 

The  work  of  the  inspection  of  import  animals  calls  for  the  utmost 
vigilance  in  order  to  prevent  the  introduction  of  diseases  which  might 
prove  disastrous  to  the  live  stock  of  this  country.  Most  of  the  ani- 
mals that  came  through  the  seacoast  poils  of  entry  were  imported  for 
breeding  purposes,  but  a  considerable  number  of  cattle  were  admitted 
from  Mexico  for  feeding.  The  importations  of  pure-bred  animals 
subject  to  quarantine  were  very  light  during  the  year,  the  number  at 
New  York,  the  chief  port  of  entry,  having  been  266  cattle,  128  sheep, 
and  123  hogs.  The  number  of  farm  animals  that  came  through  sea- 
coast  ports  and  not  subject  to  quarantine  was  2,492;  of  this  total  2,425 
were  norses.  We  brought  from  Great  Britain  1,523  horses,  from 
Germany  204,  from  Belgium  651,  and  47  from  other  countries. 

The  importations  of  animals  from  Mexico  were  12,088  cattle,  701 
sheep,  314  horses,  and  various  other  animals  to  the  number  of  203. 

An  unusually  large  number  of  ruminants  for  menageries,  all  of 
which  were  subject  to  inspection  and  quarantine,  were  imported  dur- 
ing the  year. 

INSPECTION  OF  MEAT. 

The  inspection  of  animals  and  animal  products  was  maintained  at  51 
establishments  and  cities.  The  total  number  of  ante-mortem  inspec- 
tions was  about  65,000,000,  whereas  in  1903  the  number  was  about 
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59,000,000;  this  shows  an  increase  of  6,000,000  animals.  The  post- 
mortem inspections  amounted  to  nearly  40,000,000,  which  was  an 
increase,  except  as  to  sheep,  oyer  the  year  1903.  The  increase  in  1904 
in  the  number  of  hogs  inspected  post-mortem  was  over  2,000,000. 

The  meat-inspection  tag  or  label  was  affixed  to  22,943,067  quarters 
and  120,404  pieces  of  beef,  8,230,528  carcasses  of  sheep,  765,301  car- 
casses of  calves,  1,122,193  carcasses  of  hogs,  and  726,779  sacks  of  pork. 
Besides,  the  meat-inspection  stamp  was  affixed  to  23,000,000  packages 
of  meAt  and  meat  products  that  had  received  the  regular  post-mortem 
inspection. 

Compared  with  the  figures  of  1903,  the  statement  for  1904  shows  an 
increase  in  beef  exports  of  47,138,044  pounds,  a  decrease  in  mutton 
exports  of  2,016,924  pounds,  and  an  increase  of  pork  e^orts  of 
21,319,830  ^pounds — a  net  increase  of  66,440,950  pounds  for  all. 

In  the  matter  of  the  microscopic  inspection  of  pork  there  was  a 
great  decrease,  from  19,000,000  pounds  m  1893  to  9,000,000  in  1904. 
This  inspection  is  restricted  to  the  pork  that  is  destined  for  those 
countries  which  require  such  safeguard.  The  number  of  carcasses 
thus  inspected  in  1904  was  315,045.  The  number  of  carcasses  found 
to  be  trichinous  was  2,643. 

The  cost  of  the  ordinary  inspection  was  $781,590.95,  and  the  micro- 
8co{)ic  inspection  cost  $53,934.01.  Each  hog  carcass  cost  17.1  cents 
for  its  inspection  and  each  pound  of  pork  exported  0.6  cent. 

CATTLE  SCAB,  OB  MANOE. 

The  existence  of  scab,  or  mange,  in  cattle  has  for  several  years  past 
often  been  brought  to  the  attention  of  the  Department.  As  early  as 
the  spring  of  1901  inspectors  in  the  field  recognized  that  scab  of 
cattle  was  a  contagious  disease,  and  asked  for  instructions  regarding 
it.  The  disease  continued  to  spread,  and  during  that  year  numerous 
inquiries  were  received  as  to  how  the  disease  could  be  cured  and  con- 
trolled. It  became  generally  known  that  the  dipping  of  cattle  was 
the  best  method  of  treatment,  and  the  Department  received  many 
calls  for  information  as  to  the  construction  of  vats  and  the  best  dips 
to  use.  In  January,  1902,  a  bulletin  describing  scab  of  cattle  and  its 
treatment  was  issued.     There  was  a  large  individual  demand  for  this 

Sublication  and  it  was  supplied  to  many  State  authorities  for  general 
istribution. 

In  spite  of  efforts  to  disseminate  all  the  information  possible  on  the 
subject,  the  disease  spread  to  an  alarming  extent,  especially  on  the 
Western  ranges,  where  the  cattle  roamed  over  large  areas,  and  where 
a  few  infectea  animals  introduced  would  communicate  the  disease  to 
others  until  the  whole  band  was  affected.  So  extensive  was  the  dis- 
tribution of  the  scab  that  in  June,  1903,  the  Department  issued  regu- 
lations for  controlling  it,  stating  that  the  disease  existed  among  cattle 
in  that  part  of  the  United  States  lying  west  of  the  Mississippi  River, 
including  the  State  of  Minnesota.  These  regulations  did  not  Apply  to 
the  Eastern  part  of  the  United  States.  At  that  time  all  of  the  avail- 
able funds  were  used  for  the  employment  of  inspectors  in  the  Western 
country  in  the  eradication  of  scabies  among  sheep,  and  there  were  but 
a  few  men  who  could  be  used  for  enforcing  the  regulations  for  pre- 
venting the  spread  of  scabies  among  cattle.     Many  of  the  Western 
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States,  notably  Colorado,  be^n  daring  this  year  to  take  measores  for 
suppressing  the  malady  within  their  limits.  These  States,  however, 
were  unable  to  prevent  the  disease  from  being  introduced  from  other 
States,  consequently  very  urgent  appeals  were  made  from  State 
authorities  asking  that  supervision  by  tnis  Department  be  extended  to 
cattle  scab. 

It  was  apparent  that,  unless  the  Federal  authorities  undertook 
measures  for  its  control,  the  States  would  suffer  disaster,  not  only 
from  the  loss  of  stock  affected,  but  from  the  embargo  which  would  be 

J  laced  upon  cattle  passing  from  an  infected  State  to  one  where  the 
isease  did  not  exist.  The  disease  became  so  prevalent  that  it  was 
carried  from  the  ranges  to  the  feed  lots  in  States  of  the  Middle  West, 
and  there  was  danger  of  injury  to  the  trade  in  live  cattle  for  export  to 
Great  Britain.  When  the  scab  became  so  common  on  the  ranges,  it 
was  found  that  unless  the  cattle  were  dipped  before  shipment  the  cars 
in  which  they  were  loaded  became  infected;  also  the  stock  pens,  where 
the  cattle  were  unloaded  for  food  and  rest  en  route,  as  well  as  the  stock 
yards  at  the  leading  markets.  It  became  imperative,  therefore,  that 
a  campaign  should  be  entered  upon,  and  accordingly  in  March,  1904, 
regulations  were  issued  applying  to  all  of  the  United  States  and  pro- 
hibiting shipment  of  cattle  anected  with  this  disease  from  one  State  to 
another. 

Provision  was  made  in  these  regulations  for  allowing  shipment  after 
cattle  were  dipped,  and,  though  affected  with  the  disease,  they  could 
be  shipped  for  immediate  slaughter  after  one  dipping;  but  ii  cattle 
were  intended  for  feeding  or  st(x^king  purposes,  they  must  be  held  for 
the  second  dipping,  ten  or  twelve  days  after  the  first  one.  To  secure 
the  enforcement  or  these  regulations,  it  was  necessary  to  station  a  large 
number  of  inspectors  in  the  Western  States,  particularly  the  range 
States  where  shipments  of  cattle  originated  and  where  the  disease  was 
most  prevalent.  So  far  as  possible  the  force  of  inspectors  already  in 
this  region  was  used;  but  this  was  entirely  inadequate  to  the  demands 
and  required  an  extensive  increase,  so  that  at  the  present  time  more 
than  two  hundred  men  are  in  the  field  engaged  in  the  inspection  of 
sheep  and  cattle  for  scabies. 

There  was  an  urgent  call  for  inspectors,  moitly  from  persons  who 
had  cattle  to  ship  and  those  who  owned  affected  cattle  which  required 
dipping.  This  dipping  in  several  States  was  done  in  cooperation  with 
the  State  authorities  and  under  the  supervision  of  Federal  employees. 
Shipments  of  cattle  from  ranges  known  to  be  infected  could  not  be 
maae  to  market  centers  without  a  certificate  showing  freedom  from 
scabies,  or  to  the  effect  that  the  cattle  had  been  dipped  and  could  be 
transported  without  spreading  the  contagion. 

During  the  first  nine  months  of  this  year,  in  the  84  States  and  Ter- 
ritories where  this  inspection  was  maintained,  3,843,075  cattle  were 
inspected  for  scab;  168,203  were  found  affected  with  the  disease,  and 
300,275  were  found  to  have  been  exposed  to  it.  The  total  number  of 
cattle  dipped  during  this  period,  under  official  supervision,  was 
420,762;  116,362  affected  cattle  were  given  one  dipping,  and  76,974 
affected  cattle  were  dipped  a  second  time,  after  an  interval  of  ten  or 
twelve  days.  This  work  necessarily  increases  the  expenses  of  the 
Bureau,  wnich,  for  the  month  of  January,  1904,  amounted  to  $404.65 
for  this  inspection  exclusively,  and  in  September,  1904,  to  $11,770.70. 


BEPOBT   OP   THE   SEOBETABY    OF   AOBIOULTUBE.  19 

FOOT  BOT  AND  OID  OF   SHEEP,  AND  BABIES. 

Besides  the  several  lines  of  work  wliich  have  been  carried  on  through 
a  series  of  years  and  which  have  been  reported  upon  from  time  to 
time,  special  work  has  been  done  with  reference  to  foot  rot  of  sheep 
and  the  disease  of  sheep  commonly  known  as  ^^gid."  In  a  recent 
shipment  of  sheep  whicn  arrived  at  the  Buffalo  stock  yards  75  per 
cent  were  found  to  be  affected  with  foot  rot.  This  disease  is  not  at  all 
uncommon  in  the  sheep-raising  parts  of  the  country,  and  its  eradication 
is  not  a  very  difficult  undertaKing.  A  bulletin  is  now  in  press  which 
deals  with  all  of  the  phases  of  foot  rot,  and  should  enable  the  sheep 
raiser  to  clean  up  his  flock  without  much  difficulty  or  great  expense. 

Although  the  conditions  prevailing  in  this  country  are  considered 
unfavorable  to  the  parasite  causing  gid,  the  disease,  nevertheless,  has 
gained  a  foothold  in  the  Rocky  Mountain  States,  and  it  is  therefore 
well  to  understand  the  life  history  of  the  parasite  causing  the  disease 
and  the  methods  of  dealing  with  it.  It  is  reported  that  a  few  years 
ago  the  loss  of  sheep  from  gid  in  France  was  as  great  as  1,000,000 
annually.  This  subject  has  received  a  thorough  mvestigation,  the 
results  of  which  will  soon  be  published. 

Investigations  regarding  the  presence  of  rabies,  or  hydrophobia,  in 
the  vicinity  of  Washington,  D.  C,  were  continued  during  the  year. 
Of  the  38  suspected  cases  examined  positive  results  were  obtained  from 
22,  of  which  number  13  were  from  the  District  of  Columbia. 

TUBEBOULOSIS. 

The  work  on  the  subject  of  tuberculosis  has  been  conducted  through- 
out the  year  along  lines  which  have  been  planned  for  several  years. 
Some  experiments  which  have  been  recently  reported  upon  by  this 
Bureau  go  to  show  conclusively,  it  is  believed,  that  it  is  an  error 
to  conclude  that  cattle  can  not  be  infected  with  human  tuberculosis. 
These  experiments  not  only  justify  but  show  the  desirability  of  a  rigid 
enforcement  of  public  regulations  looking  to  the  control  and  the  erad- 
ication of  tuberculosis  in  cattle. 

The  demand  for  tuberculin  gi'eatly  increased  during  the  year.  The 
amount  distributed  in  1904  was  74,000  doses,  while  in  1903  the  num- 
ber of  doses  was  47,000. 

DISTEIBUTION  OF  BLAGEJEiEG  VAOOINE  AND  MALLEIN. 

The  blackleg  vaccine  for  cattle  which  is  manufactured  and  distrib- 
uted by  the  Bureau  of  Animal  Industry  continues  to  give  satisfactory^ 
results.  During  the  year  the  number  of  doses  that  were  sent  out  fell 
off  somewhat  from  the  report  of  the  previous  year,  but  the  number  of 
persons  supplied  was  sligntly  increased.  It  is  interesting  to  note  that, 
m  1904,  1,000,000  doses  of  the  vaccine  were  used  and  reported  upon 
by  over  10,000  persons  with  highly  satisfactorv  results.  After  a 
careful  analysis  of  the  figures  which  were  compiled  from  the  reports 
from  the  users  of  blackleg  vaccine,  and  eliminating  the  deaths  which 
could  in  no  manner  be  properly  charged  against  the  action  of  the  vac- 
cine, the  number  of  cases  that  died  after  vaccination  is  reduced  to  the 
very  low  figure  of  0.44  per  cent. 

The  manufacture  and  distribution  of  mallein  in  1904  for  glanders  in 
horses  was  about  the  same  as  in  the  previous  year,  and  me  number 
of  doses  sent  out  was  7,000. 
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INSPECTION   OF  DAIRY  PRODUCTS. 

Under  the  act  of  Congress  approved  May  9,  1902,  the  Bureau  of 
Animal  Industry  is  charged  with  the  inspection  of  certain  dairy 
products  which  are  designed  for  interstate  commerce,  especially  the 
article  of  renovated  butter.    This  work  is  now  fully  organized  and  is 

foverned  by  joint  agreement  of  the  Treasury  Depar&nent  and  the 
tepartment  of  Agriculture.  The  reports  for  1904  show  that  there 
were  73  factories  licensed  and  bonded,  which  was  a  reduction  of  9 
from  the  previous  year.  These  factories  were  located  in  14  States 
and  the  District  of  Columbia.  The  quantitv  of  renovated  butter  made 
at  bonded  factories  during  the  fiscal  year  of  1904  was  about  54,000,000 

Sounds.  The  average  quality  of  renovated  butter  is  improving.  The 
ifference  in  general  character,  since  the  inspection  was  inaugurated, 
is  very  marked.  This  is  due,  in  part,  to  improved  machinery  and 
processes,  and  largely  to  the  better  average  quality  and  condition  of 
the  '* packing  stock"  or  raw  material  used. 

Sucn  stocK  is  now  closely  collected  in  the  producing  districts,  so 
that  accumulations  of  country  butter  at  remote  points  and  involving 
deterioration  are  not  frequent.  More  care  is  tak:en  m  sorting,  pack- 
ing, and  storing  the  stock.  Occasionally  a  lot  of  packing  stcx^k  is 
found  in  such  a  condition  of  filth  or  putrefaction  as  to  necessitate  con- 
demnation. In  still  rarer  cases  the  manufactured  product  is  found  to 
be  so  bad,  because  of  bad  materials,  ignorance,  or  negligence  in  reno- 
vating, or  as  the  eflfect  of  age,  as  to  make  it  unfit  for  food.  In  a  few 
such  instances  the  sanitary  inspection  required  by  law  and  made  by 
this  Department  has  caused  the  obiectionable  materials  and  products 
to  be  removed  from  the  food  market  and  sold  as  grease.  But,  as 
stated,  such  instances  are  not  frequent.  Although  there  is  still  oppor- 
tunity for  great  improvement  in  materials,  in  the  manner  of  handling 
and  transporting  the  same,  in  factory  management,  and  in  the  finished 
product,  it  is  true  that  the  manufacturers  are  endeavoring,  as  a  rule, 
to  improve  conditions  at  all  points  and  are  ambitious  to  win  a  reputa- 
tion  for  producing  an  article  of  high  quality. 

BTJBSAXr  OF  PIiANT  IXDUSTBY. 

In  no  field  of  industrial  work  have  there  been  greater  advances  dur- 
ing the  past  decade  than  in  the  improvement  of  plants  and  the  methods 
of  growing  them.  The  Bureau  of  Plant  Industry  has  done  much  to 
bring  about  these  advances.  Diseases  have  been  studied  and  remedies 
foundj  new  varieties  of  plants  have  been  created  and  new  industries 
established,  and  the  world  has  been  searched  for  better  things,  all  for 
the  purpose  of  helping  the  farmer  and  making  his  work  less  burden- 
some and  more  profitable. 

GROWTH  OF  THE  WORK. 

Since  the  Bureau  of  Plant  Industry  was  organized,  three  years  ago, 
the  demand  for  more  work  has  been  so  great  as  to  require  an  increase 
of  nearly  50  per  cent  in  men  and  funds  to  conduct  it.  There  are  now 
in  the  Bureau  about  500  workers,  60  per  cent  of  whom  are  engaged  in 
scientific  investigation  and  its  application  to  the  farm,  the  orchard,  and 
the  garden.     The  Bureau  is  endeavoring  to  train  yOung  men  as  rapidly 
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as  possible  for  this  work.  The  agricultural  colleges  furnish  a  part  of 
these  men,  but  the  demand  for  those  with  proper  qualifications  is  still 
greater  than  the  supply. 

ENCOURAGING  INTEREST  IN   FARM  LIFE. 

The  Department  is  not  an  educational  institution  in  the  strict  sense 
of  the  word,  but  it  can  do  and  is  doing  much  to  bring  home  to  the 
people  in  all  walks  of  life  the  importance  and  value  of  the  farm  and 
its  productions.  The  Bureau  of  Plant  Industry  is  making  a  special 
effort  to  encourage  the  study  of  plants  in  the  public  schools.  The 
future  welfare  of  this  country  depends  upon  its  agricultural  develop- 
ment, and  it  is  important  and  vital  that  a  knowledge  of  the  oppor- 
tunities in  this  fiela  should  early  be  brought  to  the  attention  of  the 
child.  Unfortunately,  our  system  of  elementary  education  is  such  as 
to  leave  no  impression  on  the  child's  mind  of  the  importance,  value, 
and  usefulness  of  farm  life.  The  child  is,  in  many  ways,  brought 
early  into  contact  with  facts  which  point  to  him  the  value  of  commer- 
cial life.  He  is,  therefore,  early  inoculated  with  the  belief  that  to 
reach  the  highest  possibilities  he  must,  if  he  is  on  the  farm,  migrate 
to  the  city.  It  is  to  be  regretted  that  farm  life  in  the  past  has  not 
always  been  conducive  to  tne  encouragement  of  young  men  to  remain 
on  the  farm. 

Verj  little  effort  has  been  made  to  overcome  the  general  belief  that 
there  is  always  a  great  amount  of  drudgery  connected  with  the  farm, 
and  that  the  opportunities  in  this  sort  of  occupation  are  narrow  and 
limited.  When  we  see  the  rapid  advances  that  are  being  made  in  agri- 
culture along  all  lines  and  note  the  need  for  bright  young  men  in  tnis 
field,  the  opportunities  offered  by  the  cultivation  of  the  soilseem  as  great 
as  in  anv  otner  field.  In  order  to  bring  these  matters  clearly  home 
to  the  children,  efforts  are  being  made  by  the  Department  to  encour- 
age the  growing  of  plants  in  connection  with  the  public  school  work. 
The  general  distribution  of  seed  is  being  handled  in  such  a  way  that 
the  encouragement  of  plant  growing  will  be  a  feature  of  it.  Wherever 
it  has  been  practicable  to  influence  school  authorities,  this  has  been 
done.  Vanous  members  of  the  staff  of  the  Bureau  are  constantly 
endeavoring  by  publication  of  papers,  lecturing,  etc. ,  to  point  out  the 
advantages  of  rural  life. 

DEVELOPING   NEW  INDUSTRIES. 
RICE   PRODUCTION. 

The  Bureau  of  Plant  Industry  has  continued  its  efforts  to  encourage 
rice  production  in  the  Southern  States,  especially  in  Louisiana  and 
Texas.  A  special  farm  for  the  growing  of  rice  has  been  placed  at  the 
disposal  of  the  Department,  and  upon  this  farm  various  questions 
relating  to  the  industry  are  being  worked  out.  New  varieties  of  rice 
are  being  tested,  questions  pertaining  to  the  best  methods  of  improv- 
ing the  seed  are  being  settled,  and  other  important  problems  are  under 
investigation.  There  has  been  an  enormous  increase  in  the  production 
of  rice  in  the  States  of  Louisiana  and  Texas  during  the  past  three 
years.  As  the  industry  has  developed,  the  necessity  has  become  more 
and  more  evident  for  paying  special  attention  to  the  improvement  of 
cultural  methods. 
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In  the  early  days  of  the  industry  the  crop  was  so  profitable  that 
little  attempt  was  made  to  obtain  information  on  important  matters, 
such  as  the  necessity  for  rotation,  the  best  methods  of  handling  the 
water,  means  of  controlling  diseases  and  weed  pests,  and  other 
important  subjects.  As  competition  has  become  ^eater  and  the  pro- 
duction larger,  farmers  are  realizing  the  necessity  for  paying  strict 
attention  to  all  details  connected  with  the  work.  Preliminary  esti- 
mates show  that  during  the  year  1904  the  area  devoted  to  rice  in 
Louisiana  and  Texas  was  600,000  acres,  and  the  crop  will  approximate 
650,000,000  pounds  of  rough  rice. 

DURUM  WHBATB. 

The  success  attending  the  introduction  and  growing  of  the  durum 
or  macaroni  wheats  continues  unabated.  The  past  season  has  been  a 
particularly  trying  one  for  all  wheats  in  the  Northwest.  Rust  has 
caused  great  damage  in  many  localities,  but  the  durum  wheats  have 
been  in  most  cases  resistant.  Probably  no  less  than  14  million  bushels 
of  these  wheats  will  be  grown  the  present  season,  and  the  evidence  at 
hand  indicates  that  great  quantities  of  the  wheats  are  being  saved  for 
seed  for  next  vear^s  planting.  Owing  to  the  almost  total  loss  of  other 
wheats  east  or  the  area  where  the  durum  wheats  succeed  best,  efforts 
will  probably  be  made  next  year  to  plant  the  durum  wheats  farther 
east  than  they  should  be  planted.  It  must  be  remembered  that  these 
wheats  are  specially  adapted  to  semiarid  regions,  and  moving  them 
into  humid  regions  may  result  in  disappointment. 

It  is  gratifying  to  announce  that  the  durum  wheats  are  now  being 
handled  without  diflSculty  by  msmj  of  the  millers^  and  regular  grades 
corresponding  with  the  graaes  of  other  wheats  have  been  established 
in  the  markets.  From  the  outlook  at  present  there  will  be  not  less 
than  40  or  50  million  bushels  of  these  wheats  produced  next  year. 
The  fact  that  these  wheats  are  valuable  for  bread  and  that  they  can  bo 
prown  successfully  where  most  other  crops  fail  is  an  exceedingly 
important  thing  for  the  agricultural  development  of  the  great  semiarid 
West. 

THB  MATTINQ   INDUSTRY. 

The  United  States  imports  large  quantities  of  mattings  from  the 
Orient.  These  mattings,  for  the  most  part,  are  made  of  a  species  of 
rush  which  might  easily  be  grown  in  this  country;  in  fact,  there  are 
already  here  several  native  forms  which  undoubtedly  would  prove 
valuable  for  the  manufacture  of  fine  mattings.  Special  American 
machinery  has  been  devised  and  is  now  in  use  in  the  manufacture  of 
a  very  high  grade  of  mattings.  So  far,  the  raw  material  used  by 
these  machines  has  been  imported.  During  the  year  the  Bureau  of 
Plant  Industry  has  introduced  and  disseminated  considerable  quantities 
of  the  rush,  with  the  object  of  securing  a  sufficient  amount  to  supply 
American  manufacturers  with  the  product  The  results  accomplished 
have  already  proved  encouraging,  and  the  work  will  be  continued. 

SUGAR-BBBT  GROWING. 

The  development  of  the  sugar-beet  industry  continues  satisfactory. 
The  Bureau  of  Plant  Industry  is  making  an  effort  to  improve  the  con- 
ditions affecting  this  crop  m  the  matter  of  providing  better  seed. 
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encouraging  the  use  of  fertilizers  where  fertilizers  are  likely  to  do 
good,  studying  the  diseases  with  a  view  to  discovering  remeaies  for 
tnem,  securing  improvement  in  the  matter  of  seed  by  the  production 
of  beets  which  will  give  seed  of  a  single  ball  or  germ,  etc.  A  little 
more  than  two  years  ago  the  Department  again  took  up  the  work  of 
establishing  sugar-beet  seed  culture  in  the  United  States,  and  since 
that  time  work  bas  been  going  on  in  four  representative  sections  of 
this  country.  Strains  of  pedigreed  seed  are  being  established  in  New 
York,  Micnigan,  Utah,  and  Washington  State,  while  in  Utah  and 
Washington  the  industry  is  already  assuming  commercial  importance. 

In  California  also  seed  is  being  produced  for  local  use.  In  Wash- 
ington State  80,000  pounds  of  seed  were  produced  in  1904,  in  Utah 
about  32,000  pounds,  and  in  California  about  50,000  pounds — a  total 
of  162,000  pounds.  As  rapidly  as  the  Department  can  bring  home  to 
all  the  sugar-beet  factories  the  conviction  that  American-grown  seed 
is  as  good  and  often  better  than  the  imported,  these  quantities  will  be 
increased,  and  it  is  a  (][uestion  of  but  a  few  years  when  the  entire 
5,000,000  pounds  used  in  the  United  States  will  be  produced  at  home. 

As  to  the  quality,  American -grown  seed  has  produced  beets  testing 
as  high  as  24  per  cent  of  sugar,  while  the  average  percentage  in  all 
beets  tested  from  American-grown  seed  during  1903  was  15.8  per  cent. 
The  average  percentage  of  sugar  in  all  beets  grown  in  the  United 
States,  as  shown  by  the  factory  returns  of  their  total  extractions,  is  a 
little  over  11  per  cent.  It  will  be  remembered,  too,  that  the  Ameri- 
can seed  has  the  benefit  of  only  two  years  of  careful  selection.  The 
work  of  establishing  a  pedigreed  strain  is  slow,  and  vears  are  required 
for  the  completion  of  such  an  imdertaking;  but  the  work  is  so  far 
along  that  its  success  may  be  considered  assured. 

Two  years  ago  the  Department  imported  all  the  su^r-beet  seed  that 
was  distributed  for  experimental  purposes,  while  during  the  1904  sea- 
son 14,000  pounds  of  American-grown  seed  were  distributed  by  the 
Department  to  selected  farmers  for  testing  in  comparison  with  imported 
seed  furnished  to  them  by  the  factories.  The  reports  on  the  stand 
secured,  which  is  generally  indicative  of  the  yield,  show  that  the  Amer- 
ican seed  gave  almost  without  exception  a  greater  and  a  stronger 
growth  than  the  imported  seed.  In  a  number  of  instances  those  por- 
tions of  fields  which  were  sown  with  factory  seed  gave  such  a  poor 
stand  that  they  had  either  to  be  resown  or  abandoned,  while  the  por- 
tions sown  with  American-grown  seed  ^ve  good  stands  and  in  no  case 
required  replanting.  The  factories  during  1904  bought  34,500  pounds 
of  American-grown  seed,  and  a  number  of  these  factories  are  now 
negotiating  with  the  American  growers  for  contracts  to  supply  the 
seed  they  need. 

In  the  fertilizer  work  efforts  have  been  made  to  determine  the  effect 
of  different  fertilizers  on  tonnage  and  sugar  content,  and  also  their  influ- 
ence on  various  diseases. 

Investigations  along  this  line  were  undertaken  in  six  su^r-beet 
States,  seven  brands  of  complete  feiiilizers  being  used,  and  m  addi- 
tion some  separate  experiments  with  the  various  ingredients  used  by 
themselves  were  made.  The  preliminary  reports  which  have  been 
received  indicate  that  in  many  cases  the  effect  of  the  fertilizers  could 
be  seen  from  the  time  of  the  germination  of  the  beets.  In  a  few  cases 
the  lines  separating  the  fertilized  from  the  unfertilized  plots  could  be 
seen  even  at  the  beginning  of  the  harvest.     A  recent  report  from  one 
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of  the  experimenters  states  that  in  his  work  with  nitrate  of  soda  the 
beets  from  the  untreated  plots  were  worth  $5.20  per  ton  and  yielded 
$54. 35  worth  of  beets  per  acre.  On  the  adjacent  plot,  whei-e  300  pounds 
of  nitrate  of  soda  were  applied  at  the  time  of  planting,  the  beets  were 
worth  $5.30  per  ton  and  yielded  $74.67,  a  difference  of  $20.23  per  acre 
in  favor  of  tne  fertilization.  The  untreated  beets  tested  14.1  per  cent 
sugur,  while  those  fertilized  tested  14.4  per  cent. 

The  serious  epidemics  which  have  affected  the  sugar  beet,  like  the 
leaf -spot  disease  of  the  East  and  the  curly  top  of  the  West,  have  been 
investigated.  Experiments  on  a  large  scale  m  different  sections  of  the 
Eastern  beet  area  have  shown  that  the  leaf -spot  may  be  readilv  con- 
trolled by  the  application  of  Bordeaux  mixture.  This  remedfy  has 
now  come  into  general  use. 

In  my  last  report  attention  was  called  to  the  efforts  being  made  in 
the  matter  of  developing  sugar-beet  seeds  with  single  germs.  The 
single-germ  seed  would  do  much  to  diminish  the  labor  of  thinning. 
The  Bureau  work  in  this  field  has  been  very  satisfactory.  Although 
the  work  has  been  running  for  only  two  seasons,  decidea  progress  has 
been  made,  and  the  single-germ  seeds  that  have  been  selected  have 
been  found  much  more  vigorous  than  the  multiple-germ  balls.  The 
selected  strains  grown  this  year  show  a  decided  tendency  to  the  pro- 
duction of  a  larger  number  of  single-germ  balls  than  the  parent  oeet 
from  which  the  selection  was  started,  the  average  gain  being  about  20 

Eer  cent.  In  one  case,  over  3,000  single- seed  balls  were  found  on  one 
eet.  The  work  this  year  has  been  conducted  in  Utah  and  other  sec- 
tions where  the  sugar  beet  is  at  its  best,  and  indicates  that  ultimately 
we  shall  in  all  prolmbility  be  successful  in  the  production  of  a  beet  hav- 
ing the  desirable  quality  of  producing  only  twills  with  single  germs, 
that  will  substantially  save  hand  thinning  and  avoid  much  expense  in 
growing. 

NEW   CITROUS   FRUITS. 

The  efforts  that  have  been  made  by  the  Bureau  of  Plant  Industry 
for  a  number  of  years  in  the  matter  of  producing,  by  breeding,  new 
citrous  fruits,  so  as  to  build  up  varied  industries  in  the  South,  have 
met  with  very  gratifying  results.  The  hardy  sour  oranges  which  have 
been  secured  as  a  result  of  crossing  the  sweet  orange  with  the  hardy 
Japanese  orange  are  now  ready  to  distribute,  and  the  work  of  distri- 
bution will  be  inaugurated  in  the  coming  winter.  These  new  hardy 
oranges  will  unquestionably  make  possible  the  development  of  several 
important  industries  in  the  South.  The  oranges  are  valuable  for  mar- 
malades, and  from  the  fact  that  thev  may  be  grown  in  nearly  all  the 
Southern  States,  great  possibilities  lor  their  usefulness  are  opened  up. 
Even  if  they  should  not  come  into  general  use  for  manufacturing  pur- 
poses or  for  general  orchard  plantmg,  they  will  undoubtedly  eventu- 
ally become  a  feature  in  every  dooryard  throughout  the  Soutn.  Aside 
from  their  value  for  the  manufacture  of  marmalades  and  preserves, 
they  will  be  exceedingly  useful  for  pies  and  other  purposes. 

There  has  been  fruited  this  year  for  the  first  time  a  sweet  orange  of 
the  hardy  type.  This  is  an  accomplishment  which  the  Department 
hoped  for  when  it  first  inaugurated  the  work.  The  other  new  citrous 
fruits  developed  from  the  Bureau's  investigations,  such  as  the  new 
tangelo,  whicn  is  a  cross  between  the  tangerine  and  the  pomelo,  a  new 
velvet-skin  orange,  and  several  other  creations,  will  all  prove  exceed- 
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inglj  valuable  in  sectionb  where  thecliniatic  conditions  will  permit  the 
growing  of  these  more  tender  sorts. 

AMERICAN   TEA. 

The  Department  has  continued  its  work  in  the  production  of  Ameri- 
can tea.  The  more  advanced  investigations  have  been  conducted,  as 
heretofore,  at  Summerville,  S.  C,  in  cooperation  with  Dr.  Charles  U. 
Shepard.  Doctor  Shepard's  tea  gardens  are  now  yielding  from  8,000 
to  10,000  pounds  of  tea  annually.  Owing  to  climatic  conditions  the 
crop  this  year  will  be  light.  Doctor  Shepard  has  been  devoting  special 
attention  to  the  improvement  of  factory  processes.  Several  new 
inventions  have  been  made  by  him  in  the  matter  of  tea  rollers,  appa- 
ratus for  the  manufacture  of  green  tea,  and  apparatus  for  a  process  of 
attrition,  giving  to  the  tea  the  beautiful  bluish  cast,  or  finish,  which 
heretofore  has  oeen  secured  in  foreign  countries  by  the  application  of 
various  chemicals. 

Doctor  Shepard's  process  puts  this  finish  on  the  teas  by  simple 
attrition  or  friction,  and  is  a  marked  advance  over  the  old  processes. 
The  work  of  establishing  a  plantation  in  Texas  has  been  continued. 
Tea  beda  were  started  on  two  types  of  soil — a  rich  sand v  loam  and  a 
black,  waxv  soil.  The  plants  on  the  black,  waxy  land  have  failed 
utterly.  Fortunately  this  discovery  was  made  before  any  extensive 
plantings  had  been  undertaken,  ana  it  will  lead  to  the  extension  of 
the  plantings  on  the  sandy  loam  soil.  There  are  now  on  hand  at  our 
Texas  station,  which  is  located  at  Pierce,  about  100,000  plants,  which 
will  be  put  into  the  field  this  winter,  planting  about  40  acres.  Suf- 
ficient aaditional  seed  will  be  put  out  to  give  another  60  acres  next 
year. 

AMEAtCAN    DATES. 

Encouraging  results  have  been  secured  in  the  establishment  of  this 
industry  in  the  southwestern  portion  of  the  United  States.  The  date 
orchard,  at  Tempe,  Ariz.,  is  progressing  in  a  highlj'^  satisfactoiy  way. 
The  work  here  nas  been  carried  on  in  cooperation  with  the  Arizona 
experiment  station  and  has  been  under  the  direct  supervision  of  Prof. 
R.  H.  Forbes.  In  cooperation  with  the  California  experiment  station, 
work  on  the  establishment  of  date  culture  in  southern  California  is 
also  being  conducted.  Ten  acres  of  land  have  been  secured  for  an 
experimental  orchard  and  dates  have  been  and  are  being  planted  there. 
The  industry  has  been  further  encouraged  by  the  publication  of 
important  reports  on  the  subject,  pointing  out  available  localities 
where  the  crop  is  likely  to  succeed.  There  is  a  considerable  extent  of 
territory  in  southern  California  where  practically  all  of  the  dates  of  a 
certain  class  which  are  now  imported  could  in  all  probability  be  grown. 
These  regions  have  been  mapped  and  a  special  effort  has  been  made  to 
encourage  the  production  of  the  crop  therein.  Various  importations 
of  the  date  have  been  made  during  the  year  and  others  will  follow 
from  time  to  time  as  the  industry  advances. 

BULB   QROW^ING. 

The  very  specialized  conditions  of  soil  and  climate  necessary  for  the 
proper  production  of  bulbs  and  the  peculiar  nature  of  the  skilled  labor 
required  have  made  the  establishment  of  the  bulb  industry  difficult. 
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However,  investi^tions  have  shown  that  nearly  all  of  the  so-called 
Dutch  bulbs  may  oe  grown  in  the  United  States,  and  that  one  by  one 
the  difficulties  due  to  competition  of  cheap  skillea  labor,  excessive  cost 
of  transportation,  and  the  natural  hesitancy  on  the  part  of  purchasers 
to  use  an  untried  article  will  be  overcome.  A  metnod  has  also  been 
discovered  by  the  Department  experts  to  produce  the  Bermuda  lily 
bulb  free  from  disease.  Of  the  millions  of  lily  bulbs  annually 
imported,  it  is  safe  to  say  that  40  per  cent  are  more  or  less  affected  by 
disease.  The  eventual  elimination  of  this  trouble  will  be  due  to  the 
work  of  the  Department. 

AMERICAN-OROWN  DRUG   PLANTS. 

In  Vermont,  the  previous  success  in  growing  opium  poppies  has  been 
repeated  with  even  more  satisfactory  results,  both  tne  white-seeded 
and  blue-soeded  sorts  giving  good  crops.  The  attempt  to  cultivate 
this  plant  has  been  niaoe  witn  the  object  in  view  of  testing  the  possi- 
bility of  developing  in  this  country  a  means  of  supplying  our  demand 
for  poppy  alkaloids  for  medicinal  uses.  The  present  source  of  these — 
morphme,  codeine,  etc. — is  to  be  found  in  crude  opium,  of  which 
approximately  a  million  dollars'  worth  is  impoited  annually.  The  cost 
of  these  products  is  in  large  part  due  to  the  labor  involved,  and  the 
efforts  of  the  Bureau  have  been  directed  toward  devising  some  process 
whereby  the  alkaloidal  principles  can  be  isolated  directly  from  the 
extracted  juices  of  the  plant,  up  to  the  present  time  no  one  has  suc- 
ceeded in  obtaining  morphine  from  these  extracts. 

During  the  year  an  expert  of  the  Bureau  has,  however,  met  with 
success,  and  we  are  now  able  to  obtain  morphine  directly  from  the 
expressed  juices  of  the  plant.  This  method  does  away  with  much  of 
the  expense.  Experiments  are  now  being  undertaken  to  ascertain  the 
practicability  of  obtaining  morphine  directly  from  the  plants  as  a 
commercial  source.  If  the  experiment  indicates  a  favorable  outcome 
the  plants  produced  in  American  fields  will  replace  oriental  opium  as 
a  crude  source  for  moiphine. 

SWEDISH   SBLBCT  OAT. 

The  experiments  of  the  Department  with  this  hardy  Swedish  oat 
ceased  some  time  ago,  but  hignly  interesting  reports  in  regard  to  its 
usefulness  are  still  coming  in.  It  was  introducea  about  five  years  ago 
by  the  Bureau  of  Plant  Industry  and  distributed  in  a  number  of  the 
Northwestern  States.  It  has  high  qualities  as  a  j'ielder  and  is  espe- 
cially valuable  for  resisting  drought. 

It  has  now  become  the  most  popular  variety  in  the  States  of  Wis- 
consin, North  Dakota,  Montana,  portions  of  Idaho,  South  Dakota. 
and  Minnesota.  In  one  instance  in  Wisconsin,  from  the  planting  of 
33  grains  in  the  spring  of  1899,  there  resulted  a  production  of  aTOut 
20,000  bushels  in  the  year  1903,  and  a  half  million  bushels  in  the 
present  year,  1904.  It  is  expected  that  the  present  year's  crop  will 
show  that  about  4  million  bushels  of  this  oat  are  being  produced  in 
Wisconsin.  Although  the  highest  legal  weight  of  oats  is  36  pounds 
to  the  bushel,  this  variety  commonly  weighs  from  40  to  44  pounds  in 
the  Northern  States,  and  occasionally  reaches  from  48  to  50  pounds  to 
the  bushel. 
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SPECIAL  WOBK   ON  COTTON. 

The  Bureau  of  Plant  Industry  has  made  a  special  effort  to  aid  the 
farmers  of  Texas,  Louisiana,  and  other  Southern  States  where  the 
Mexican  cotton  boll  weevil  has  already  appeared  or  is  likely  to  appear. 
In  all  sections  the  energies  of  the  Bureau  have  been  put  forth  to 
encourage  better  methods  of  farming,  with  highly  gratifying  results. 

COOPBRATION  WITH   FARMEB8. 

With  a  view  to  bringing  directly  home  to  the  farmers  of  Texas  and 
Louisiana,  especially  those  in  the  boll-weevil  districts,  the  advantages 
of  better  methods  of  cultivation,  the  value  of  early  maturing  seed, 
etc.,  the  Bureau  organized  an  extensive  line  of  propaganda  work. 
The  farmers  in  the  various  counties  were  organizea  and  were  brought 
into  cooperation  in  such  a  way  that  large  plantings  were  made  under 
the  direct  supervision  of  the  Department.  Tracts  of  5, 10,  16,  and  20 
acres  were  handled  by  individual  farmers,  under  working  plans  fur- 
nished by  the  Bureau,  the  object  being  in  all  cases  to  demonsti*ate  the 
practicability  of  growing  cotton  despite  the  presence  of  the  weevil. 

More  than  5,000  farmers  were  engaged  in  this  work,  and  the  results 
have  been  highly  satisfactory.  At  a  recent  meeting  held  in  Houston, 
where  more  tnan  200  representative  farmers  from  all  parts  of  the  State 
were  present,  records  were  presented  showing  the  yields  of  cotton 
under  the  plans  of  the  Department  compared  with  old  methods.  The 
increased  yields,  ranging  all  the  way  from  25  per  cent  to  100  per  cent 
in  districts  badly  infested  by  the  weevil,  show  that  by  proper  methods 
of  culture,  the  use  of  early  maturing  varieties  of  seed,  and  the  applica- 
tion of  proper  fertilizers  excellent  results  may  be  obtained.  A  com- 
Slete  record  of  the  yields  from  the  various  farms  conducted  under  the 
irection  of  the  Bureau  has  been  kept,  and  a  report  embodying  these 
data  will  soon  be  published. 

COOPKRATION   WITH   THE  TSZAB   AGRICULTURAL  COLLEGE. 

In  the  special  work  on  cotton  the  Bureau  of  Plant  Industry  has  been 
in  the  closest  cooperation  with  the  Texas  Agricultural  College.  The 
president  of  the  college  has  taken  charge  of  the  farmers'  institute 
work,  and  with  the  aid  of  several  men  selected  by  him  and  men  fur- 
nished by  the  Department  all  parts  of  the  State  were  visited  early  in 
the  spring,  and  the  necessity  for  giving  strict  attention  to  better 
methods  of  cultivation  was  set  forth.  This  institute  work  will  be  con- 
tinued during  the  present  autumn  and  winter.  In  addition  to  the 
institute  worE,  the  Bureau  has  been  cooperating  with  the  college  in 
the  matter  of  the  breeding  of  cotton,  the  testing  of  fertilizers,  and 
other  important  lines  of  investigation.  Thorough  harmony  prevails, 
and  every  effort  is  being  madeljy  both  the  Department  and  college 
officials  to  make  the  woi'k  effective. 

COOPERATION  WITH   LOUISIANA  AUTHORITIES. 

C!ooperation  has  also  been  secured  with  the  Louisiana  authorities, 
and  a  number  of  important  lines  of  work  have  been  carried  on  in  the 
State.  The  propaganda  work^  as  described  for  Texas,  has  also  been 
conducted  in  portions  of  Louisiana.     Demonstration  work  with  fer- 
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tilizers  has  been  carried  on;  also  other  investigations  having  for  their 
object  the  encouragement  in  every  way  of  better  methods  of  farming 
in  advance  of  the  approach  of  the  weevil. 

DIVERSIFICATION   FARMS. 

As  another  feature  of  the  work  in  the  South,  plans  were  made  and 
put  into  operation  establishing  diversification  farms  at  various  places. 
The  object  of  these  farms  was  to  show  the  value  and  importance  of 
diversified  agriculture.  It  was  found  unnecessary  for  the  Bureau  to 
expend  any  funds  in  the  development  of  these  farms,  except  in  minor 
ways  for  the  purchase  of  certain  special  seeds,  and  sometimes  for 
special  fertilizers  where  such  were  to  be  used.  In  all  cases  the  busi- 
ness interests  of  the  respective  communities  gladly  cooperated  with 
the  Bureau  to  the  end  not  only  of  securing  a  desirable  larm  for  the 
purpose,  but  assuming  all  responsibility  for  its  support.  In  every 
mstance  efforts  have  been  made  in  organizing  these  farms  to  make 
them  not  only  self-supporting  but  profitable.  The  main  object  of  the 
work  is  to  show  that  by  diversified  agriculture  the  lands  may  not  only 
be  improved,  but  more  money  can  be  made  than  in  farming  with  a 
single  crop. 

Thirty -two  of  these  farms  have  been  or  are  about  to  be  established^ 
of  which  16  are  in  Texas,  5  in  Louisiana,  8  in  Georgia,  2  in  Alabama, 
3  in  Mississippi,  2  in  South  Carolina,  and  1  in  Florida.  The  general 
method  employed  in  locating,  organizing,  and  conducting  these  farms 
is  to  first  determine  in  what  section  of  the  State  the  various  farms  are 
to  be  located.  An  effort  is  then  made  to  find  a  progressive  farmer 
who  is  desirous  of  encouraging  diversified  farming  in  nis  section,  and 
who  is  willing  to  permit  the  Department  to  aid  him  in  doing  it.  When 
a  suitable  arrangement  has  been  made,  a  representative  of  the  Depart- 
ment and  the  State  experiment  station  make  a  thorough  study  of  local 
conditions  with  reference  to  cropping  possibilities,  markete,  advan- 
tages, etc.  A  system  of  records  is  instituted,  which  enables  the  De- 
partment to  secure  detailed  information  regarding  every  phase  of  the 
management  of  the  farm  and  the  results  secured.  After  the  farms 
are  established,  other  farmers  are  encouraged  to  visit  them,  this  being 
done  largely  through  the  cooperation  of  the  State  experiment  stations. 

BREEDING    NEW  TYPES  OF  COTTON. 

Extensive  work  has  been  inaugurated  in  Texas  having  for  its  object 
the  breeding  of  new  types  of  cotton  better  adapted  to  meeting  the  con- 
ditions brought  about  by  the  invasion  of  the  weevil.  More  than  100 
varieties  of  cotton  have  been  grown  and  many  selections  have  been 
made.  This  is  necessarily  slow  work,  but  already  very  encouraging 
results  have  been  secured  in  the  matter  of  obtaining  earlier  and  better 
yielding  types — types  that  are  better  able  to  resist  storms  and  types 
for  special  purposes  in  several  regions. 

DISCOVERY   OP  THE  GUATEMALAN   ANT. 

During  the  vear  an  important  discovery  was  made  by  an  officer  of 
this  Bureau,  viz,  the  discovery  in  Guatemala  of  an  ant  that  destroys 
the  weevil.     Eighty-nine   colonies   of  these  ants  were  brought  into 
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Texas  and  are  now  being  thoroughly  studied  with  a  view  to  determin- 
ing their  value  as  a  means  of  checking  the  serious  inroads  of  the  cotton 
insect.  After  the  introduction  of  the  ant  by  this  Bureau  further 
work  on  its  distribution,  habits,  etc.,  was  placed  under  the  Bureau  of 
Entomology. 

WEEVIL-RESISTANT  COTTON. 

Another  and  perhaps  more  efficient  method  of  combating  the  boll 
weevil  than  by  means  of  the  ant  has  been  discovered  very  recently. 
The  hope  of  finding  a  variety  of  cotton  not  subject  to  injury  by  this 
pest  has  been  cherished  for  several  years,  but  hitherto  no  method  has 
Deen  ascertained  by  which  the  plant  could  offer  effective  resistance  to 
the  insect.  It  has  been  found,  however,  that  in  some  varieties  of  cot- 
ton the  presence  of  the  larva,  instead  of  blasting  the  buds  and  bolls, 
often  stimulates  a  special  growth  of  internal  tissue  which  kills  the 
young  weevil.  This  is  not  merely  accidental  or  abnormal,  but  is  in 
the  nature  of  a  protective  adaptation  developed  as  a  final  result  of  a 
long  struggle  for  existence  between  the  cotton  and  the  weevil  in  tropi- 
cal America.  The  insect  could  not  breed  or  perpetuate  itself  in  the 
presence  of  a  variety  of  cotton  in  which  the  formation  of  the  new  pro- 
tective tissue  occurred  regularly.  It  is  accordingly  within  the  range 
of  scientific  possibilities  tnat  resistant  varieties  of  cotton  can  be  found 
in  tropical  America  or  developed  by  selection,  and  work  on  this  line 
has  been  begun. 

DISTRIBUTION  OF  BARLT-MATURINO  VARIBTIBB  OF  COTTON  SEED. 

With  a  view  to  encouraging  the  planting  of  early-maturing  varieties 
of  cotton,  such  as  King  and  Parker,  a  large  distribution  of  these 
varieties  was  made  in  the  State  of  Texas  and  a  portion  of  Louisiana 
during  the  year.  Small  quantities  were  sent  to  farmers,  the  coopera- 
tion of  Senators  and  Members  of  Congress  being  secured  for  the  pur- 
pose of  distribution.  Records  have  been  kept  of  all  the  farmers  who 
received  this  seed,  and  reports  are  now  being  returned  to  the  Depart- 
ment as  to  its  value  as  compared  with  ordinary  sorts.  In  most  cases 
very  encouraging  reports  have  been  received  as  to  the  use  of  the  early- 
maturing  seeds,  and  the  chief  value  of  the  work  will  be  in  the  fact 
that  from  this  distribution  the  farmers  themselves  may  start  the  selec- 
tion of  stock  seed  for  future  planting. 

INVESTIGATION  OF  THE  COTTON   ROOT-ROT. 

As  a  feature  of  the  work  in  Texas  a  special  effort  has  been  made  to 
obtain  information  as  to  the  best  methods  of  combating  the  cotton 
root-rot.  This  disease  has  been  very  serious  the  past  season,  destroy- 
ing large  areas  of  cotton  in  many  portions  of  the  Btate.  Efforts  have 
been  made  to  secure  resistant  types,  but  so  far  the  results  obtained 
have  not  been  very  encouraging,  although  some  progress  has  been 
made.  Experiments  have  been  niade  for  the  purpose  of  determining 
the  value  of  soil  treatments,  seed  treatments,  and  other  methods  of 
combating  this  disease,  including  crop  rotation.  This  work  has  just 
been  started,  and  it  is  too  early  yet  to  determine  its  value. 
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PROOBE88  IN  COMBATING    PLANT  DISEASES. 


CBANBBRBY  DIBXA8BB. 


Important  advances  were  made  during  the  year  in  the  matter  of 
treating  cranberry  diseases.  The  cranberry  crop  is  an  important  one 
in  this  country,  aggregating  in  value  a  million  dollars  or  more  annu- 
ally.  In  recent  years  several  destructive  diseases  have  caused  a  great 
deal  of  damage,  and  until  the  Department  began  its  investigations 
little  progress  had  been  made  in  the  matter  of  treatment.  Experi- 
ments the  past  year  in  the  treatment  of  one  of  the  most  serious 
diseases,  commonly  known  as  ^^  scald,"  have  been  quite  successful.  It 
has  been  demonstrated  that  this  particular  disease  may  be  prevented 
by  the  application  of  fungicides  at  very  small  expense. 


ERADICATION  OF  LITTLB-PSACH  DISBABB. 


The  efforts  made  by  the  Department  in  the  matter  of  demonstrating 
the  feasibility  of  eradicating  the  little-peach  disease  from  the  orchard 
of  Michigan  and  other  States  have  been  continued  on  a  large  scale. 
A  section  3  miles  square  in  Michigan  was  selected  for  this  work  and 
the  orchards  were  thoroughly  gone  over  three  times  durine^the  months 
of  July,  August,  and  Septernber  and  all  of  the  affected  trees  were 
destroyed.  The  object  of  this  experiment  is  to  demonstrate  what  is 
believed  to  be  a  fact,  viz,  that  the  disease  can  be  entirely  eradicated 
by  the  extirpation  process. 


WINTBRKILUNQ  OF  FRUIT  TRBBS. 


The  extreme  cold  of  the  past  winter  caused  the  extensive  killing  of 
fruit  trees  in  many  portions  of  the  Northern  States.  At  the  approach 
of  spring  the  trees  had  the  appearance  of  being  seriously  injured,  and 
undoubtedly  a  great  many  would  have  been  destroyed  but  for  the 
timely  aid  rendered  by  the  Department  in  the  matter  of  suggesting 
proper  means  of  handling  such  injuries.  A  brief  report  was  issued 
as  a  guide  to  the  owners  of  the  frozen  trees,  and  this  undoubtedly 
saved  many  orchards  from  needless  destruction. 


DISEASBB  OF  TOBACCO. 


The  most  serious  disease  of  tobacco  in  the  United  States  during  the 
past  season  has  been  the  new  malady  called  "wilt."  This  hasoeen 
very  destructive  in  certain  portions  of  the  South,  and  so  rapid  has 
been  the  spread  of  the  trouble  that  it  threatens  the  coniplete  destruc- 
tion of  the  large  tobacco  industry  in  North  Carolina.  Evidence  is  at 
hand  that  this  disease  is  very  similar  to  other  wilt  troubles,  and  that 
it  may  eventually  succumb  to  treatment  through  the  selection  and 
development  of  resistant  types.  Work  with  a  view  to  securing  these 
types  IS  now  being  conducted. 


WILT  DISEASE  OF  COTTON. 


The  success  of  this  Bureau's  wilt-resistant  varieties  of  cotton  was 
more  marked  last  season  than  ever  before.  An  improved  selection 
from  the  Rivers  cotton  remained  entirelv  free  from  the  wilt  on  the 
worst  infected  land  on  James  Island,  Soutn  Carolina,  where  the  finer 
types  of  Sea  Island  cotton  are  grown.     These  cottons,  originating 
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through  the  efforts  of  the  Department,  are  not  only  wilt  resistant  but 
have  a  finer  and  better  staple  than  the  original  nonresistant  strains, 
thus  disproving  the  assertion  that  resistance  to  wilt  had  been  obtained 
at  the  sacrifice  of  quality.  Considerable  quantities  of  the  seed  of  resist- 
ant and  desirable  strains  of  cotton  have  been  obtained  and  distrib- 
uted. In  connection  with  this  work  the  wilt  of  the  cowpea  has  also 
been  studied  and  resistant  types  secured  and  distributed.  About  200 
bushels  of  the  resistant  cowpea  seed  were  sent  out  last  spring.  This 
work  is  being  developed  as  an  auxiliary  to  the  cotton  investigations, 
as  it  has  been  found  that  many  thousands  of  acres  of  sandy  sou  in  the 
Gulf  States  are  infected  by  both  the  wilt  and  root-knot,  and  the  culti- 
vation of  the  ordinary  cowpea  results  in  great  injury  to  the  cotton. 

ADVANCES  MADE  IN  FORAGE-CROP  WORK. 

ALFALFAS  AND  CLOVEBB. 

Alfalfa  has  attracted  more  attention  on  the  part  of  farmers  in  the 
eastern  half  of  the  United  States  during  the  past  two  years  than  any 
other  crop.  The  Department  has  demonstrated  that  it  can  be  grown  in 
almost  every  State  in  the  Union.  Varieties  have  been  found  which 
withstand  tne  rigorous  winters  of  the  northwestern  prairie  States. 
Other  varieties  have  been  found  which  are  immune  to  the  alfalfa  leaf 
rust.  There  is  still  much  to  be  learned  concerning  the  adaptability  of 
alfalfa  to  various  types  of  soil  in  the  Eastern  States,  and  much  time  is 
bein^  devoted  to  the  solution  of  this  prpblem.  The  cultural  methods 
required  for  establishing  and  maintaining  alfalfa  meadows  are  also 
receiving  due  attention.  The  subject  of  clover  sickness,  a  matter  of 
very  great  importance  to  farmers  throughout  the  clover  region,  is 
being  investigated.  New  varieties  of  clover  which  appear  to  possess 
some  advantages  over  the  standard  varieties  grown  m  this  country 
have  been  secured  and  are  being  propagated  with  a  view  to  introduc- 
ing them  generally  in  the  clover  region  as  soon  as  sufficient  seed  is 
available.  Some  of  our  native  clovers  are  being  grown  under  farm 
conditions  in  order  to  determine  whether  or  not  they  are  worthy  of 
domestication.  One  or  two  of  them  are  promising,  particularly  for 
sections  of  the  country  where  red  clover  does  not  thrive. 

BOIL   AND  BAND   BINDERS. 

Methods  of  holding  drifting  sand  in  place  have  been  thoroughly 
worked  out.  An  agent  of  the  Department  has  made  a  careful  study  during 
the  past  two  years  of  the  methods  which  have  been  developed  in  Europe 
in  work  of  this  character,  and  demonstrations  of  these  methods  are 
now  being  made  in  portions  of  the  country  where  drifting  sand  is  most 
troublesome.  Attention  is  also  being  given  to  plants  adapted  to  hold 
banks  and  the  sides  of  cuttings  in  place,  and  several  plants  which  pos- 
sess high  value  for  this  purpose  have  been  found.  This  work  is  of 
E articular  interest  to  civil  engineers,  and  in  prosecuting  it  the  most 
earty  cooperation  from  them  nas  been  received. 

RANQB   INVESTIGATIONS. 

During  the  past  year  a  large  amount  of  information  regarding  the 
carrying  capacity  of  the  ranges  in  various  parts  of  the  West  has  been 
collected.    The  fact  that  intelligent  management  will  bring  the  ranges 
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back  to  their  primitive  state  of  productiveness  has  been  established. 
For  two  years  past  an  area  of  fenced  range  in  Arizona,  in  which  all 
types  of  range  land  are  represented,  from  absolute  desert  to  good 
mountain  range,  has  been  under  careful  observation.  Two  years'  pro- 
tection from  stock  has  sufficed  to  make  this  range  nearly  as  productive 
as  it  was  in  its  virgin  state.  The  methods  of  management  used  by 
parties  who  own  or  control  considerable  areas  of  range  land  are  being 
studied.  It  is  considered  to  be  definitely  demonstrated  that  there  is 
no  chance  of  improving  range  conditions  except  where  stockmen  are 
enabled  to  control  the  ranges  upon  which  their  stock  feed,  and  data 
are  being  collected  which  will  furnish  valuable  information  as  a  basis 
for  legislation  concerning  range  lands.  It  has  been  demonstrated  that 
a  number  of  species  of  plants  may  be  introduced  upon  the  ranges  by 
practicable  means. 

In  nearly  all  cases  the  plants  which  have  been  of  value  for  this  pur- 
pose are  annuals  producing  large  quantities  of  seed.  The  possibiliW 
of  introducing  other  plants  upon  the  range  is  still  being  investigated. 
In  this  connection  a  careful  study  of  the  large  collection  of  annual 
grasses  from  Europe  in  our  extensive  herbarium  is  being  made,  with  a 
view  to  finding  species  which  appear  to  be  adapted  to  conditions  on 
our  Western  ranges.  Arrangements  have  been  made  whereby  seed  of 
some  of  the  most  promising  of  the  species  may  be  secured  for  use  in 
the  investigations  of  this  subject.  It  has  been  demonstrated  that  in 
the  mountain  ranges  where  there  is  considerable  rainfall  a  number  of 
standard  grasses  and  clovers  may  be  established  upon  the  range  by 
methods  that  are  entirely  practicable.  In  the  mountain  region  m  the 
State  of  Washington,  by  protecting  the  range  from  the  depredations 
of  nomadic  herds  of  stock,  the  Bureau  has  been  able  to  establish  such 
grasses  as  timothy,  redtop,  bluegrass,  and  white  clover,  thus  adding 
enormously  to  the  productive  capacity  of  these  ranges.  During  the 
year  much  assistance  has  been  rendered  to  ranchers  by  outlining 
methods  of  handling  their  ranches. 

THE  CACTUS  AS  A  FORAGE  PLANT. 

Much  of  the  range  country  is  covered  with  a  sparse  growth  of  cac- 
tus, which  for  the  most  part  is  looked  upon  by  stockmen  as  a  nuisance. 
During  the  past  year  a  number  of  methods  have  been  found  bv  which 
the  cactus  plant  may  be  utilized  to  advantage  as  stock  feed.  The  value 
of  the  more  promising  species  for  forage  purposes,  the  length  of  time 
required  to  mature  a  crop  of  cactus  on  land  from  which  the  old  growth 
has  been  harvested,  and  the  feasibility  of  establishing  cactus  planta- 
tions where  they  may  be  needed  are  now  being  investigated. 

ALKALI-LOVINO   PLANTS. 

The  increase  of  the  area  of  alkali  lands  in  the  irrigated  districts  of  the 
West  has  given  added  importance  to  plants  that  may  be  grown  upon 
srch  lands.  Several  such  plants  are  available,  and  the  Bureau  is  inves- 
tigating the  forage  value  of  these  plants,  as  well  as  methods  required 
for  their  cultivation.  A  few  years  ago  the  Australian  saltbush  was 
shown  to  be  adapted  to  lands  of  this  character,  and  a  great  deal  of 
interest  in  this  plant  was  aroused  among  Western  farmers.  Recent 
investigations  by  the  Bureau  indicate  that  the  cultivation  of  the  plant 


BBPOBT  OF  THE  8E0BBTABY  OF  AOBICULTUBE.       38 

has  practically  ceased.  There  is  no  question  of  the  value  of  the  Aus- 
tralian saltbush  as  a  f  on^  plant  or  of  its  adaptability  to  strong  alkali 
lands.  The  principal  dimculty  with  the  plant  seems  to  be  that  proper 
methods  of  utilizing  it  have  not  been  worked  out.  The  Bureau  has 
undertaken  to  find  what  place  it  can  be  made  to  occupy  in  Western 
agriculture  and  the  methods  by  which  farmers  can  take  advantage  of 
its  demonstrated  value.  Considerable  areas  of  a  number  of  other  for- 
age plants  known  to  be  adapted  to  alkaline  conditions  are  being  grown 
with  a  view  to  determining  their  forage  value. 

INVESTIGATIONS  OF  GRASSES,  FORAGE   PLANTS,  AND  STOCK   FEEDING. 

^  The  ofllce  of  Grass  and  Forage  Plant  Investigations  is  now  in  posses- 
sion of  the  varieties  of  timothy  developed  by  Dr.  A.  D.  Hopkins.  Some 
of  these  are  greatly  superior  to  timothy  as  ordinarily  grown  by  farm- 
ers.^ They  are  being  propagated  with  a  view  to  making  the  seed 
available,  which  it  is  noped  will  be  within  two  more  years. 
Mr.  A.  B.  Leckenby,   director  of  the  Eastern  Oregon  experiment 

station,  has  kindly  turned  over  to  this  office  23  varieties  of  Bromus 
inermia  secured  by  him  during  the  past  two  years.    These  are  being 

Srown  with  a  view  to  rendering  the  best  varieties  available  for  distri- 
ation. 

The  separation  into  varieties  of  such  standard  grasses  as  redtop,  Ber- 
muda, orchard  grass,  and  meadow  fescue  has  been  undertaken.  Work 
of  this  character  already  done  indicates  that  all  of  our  standard  grasses 
are  really  mixtures  of  a  large  number  of  established  varieties.  Some 
of  these  varieties  are  much  superior  to  the  grasses  ordinarily  grown. 
It  is  hoped  within  a  few  years  to  be  able  to  offer  farmers  sinall  quan- 
tities or  seed  of  improved  forms  of  all  the  standard  grasses. 

WEIGHT  AND  VOLUME  OF   HAY. 

The  office  of  Grass  and  Forage  Plant  Investigation  has  shown  that 
the  ordinary  rules  in  vogue  for  determining  the  volume  of  hay  in  the 
stack  are  not  reliable,  and  it  has  developed  formulae  that  give  reliable 
results.  It  is  now  investigating  the  number  of  cubic  feet  of  hay  per 
ton  for  hay  under  various  concntions  as  to  kind  of  hay,  size  of  stack, 
and  length  of  time  it  has  been  in  stack. 

DOMBSnCATINQ   NATIVE  ORASBES. 

A  considerable  number  of  native  American  grasses  have  shown  them- 
selves to  be  adapted  to  regions  where  at  present  hay  grasses  are  want- 
ing. Several  of  these  are  being  grown  under  fiela  conditions  during 
the  present  season  with  promise  of  success.  The  Bureau  is  gathering 
a  considerable  quantity  of  seed  of  other  grasses  this  year  and  will 
give  them  a  trial,  particularly  in  the  semiarid  portions  of  the  West, 
at  the  earliest  opportunity.  It  is  believed  that  hay  grasses  can  be 
found  for  the  Western  plains  where  the  average  annual  rainfall  does 
not  exceed  15  inches. 

WINTER  PABTUBES  FOR  THE  SOUTH. 

It  is  estimated  that  during  the  past  winter  one-third  of  the  range 
stock  of  some  of  the  ranges  in  Florida  perished  for  lack  of  proper 
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nourishment.  The  winter  being  severe,  losses  of  range  stock  were 
common  in  all  parts  of  the  South.  It  has  been  demonstrated  that  a 
number  of  plants  can  be  made  to  furnish  satisfactory  pasture  through- 
out the  winter  months  in  the  South.  During  the  past  year  a  laige 
amount  of  information  concerning  these  plants  and  their  acuiptability  to 
different  soils,  and  the  cultural  methods  required  for  their  successfifl 
growth,  has  been  collected.  During  the  present  season  it  is  planned 
to  cooperate  with  Southern  experiment  stations  and  Southern  farmers 
in  testing  a  number  of  these  plants  for  winter  pasture  purposes. 

GULF  COAST  CHOPS. 

The  agrostologists  of  the  Bureau  are  studying  the  forage  value  of 
the  velvet  bean,  beggar  weed^  Mexican  clover,  and  cassava  for  the 
region  adjacent  to  tne  Gulf  of  Mexico,  to  which  our  standard  forage 
crops  are  not  adapted.  They  have  shown  that  a  well-nigh  perfect  stand 
of  cassava  can  be  obtained  by  germinating  the  canes  in  a  cold  frame  or 
hotbed  before  planting  them  in  the  fieM.  Heretofore  the  methods 
used  produced  ordinarily  not  more  than  half  a  stand  of  this  crop. 
Methods  of  keeping  cassava  canes  over  winter  are  still  being  investi- 
^ted.  These  investigations  indicate  that  the  most  important  factor 
in  keeping  the  canes  is  maturity.  It  is  extremely  difficult  to  prevent 
decay  of  partially  matured  canes  during  the  winter  months.  Forty- 
two  varieties  of  cassava  have  been  secured,  one  of  which  last  year 
produced  seed  in  southern  Mississippi,  although  planted  nearly  two 
months  later  than  the  best  planting  season.  Tnis  year  one  plant  was 
grown  from  this  seed.  It  seems  probable  that  some  of  these  varieties 
may  be  made  to  thrive  considerably  farther  north  than  cassava  has  jet 
been  grown. 

FORAGB  CBOFB  FOB  BOUTHKKN  FLORIDA. 

The  development  of  truck  farming  in  southern  Florida  has  rendered 
urgent  the  need  of  forage  crops  for  the  work-stock  used  on  the  truck 
farms  and  for  the  dairy  cattle  which  supply  milk  to  the  numerous 
hotels.  Feed  for  this  stock  is  now  shippea  long  distances  at  great 
expense.  It  appears  that  Guinea  grass  and  Para  grass  are  adapted  to 
climatic  and  soil  conditions  in  that  section  and  their  possibilities  for 
this  purpose  are  being  investigated.  Guinea  grass  seems  to  possess 
particular  value  for  bay  production,  while  Para  grass  appears  to  be 

gromising  as  a  pasture  ^rass,  particularly  for  wet  muck  soils.     The 
•ureau  is  preparing  to  give  them  an  extended  trial. 

PACIFIC  COAST  PROBLBMS. 

The  office  of  Grass  and  Forage  Plant  Investigations  is  searching  for 
forage  crops  to  grow  in  alternation  with  wheat  in  order  that  farmers 
in  the  great  wheat  regions  on  the  Pacific  coast  may  be  enabled  to 
secure  more  than  one  crop  every  other  year  on  their  fertile  lands.  A 
number  of  grasses  are  also  being  studied  with  reference  to  their  adapt- 
ability to  dry  lands  in  that  section,  where  there  are  many  thousands 
of  acres  of  land  too  dry  for  any  of  the  standard  forage  crops. 

JOHNSON   GBAfiS. 

The  agrostologists  of  the  Bureau  have  demonstrated  that  the  for 
midable  pest  known  as  Johnson  grass  may  be  completely  destroyed 
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by  practicable  means  and  that  it  may  easily  be  held  in  check.  They 
are  now  making  demonstrations  of  the  methods  developed  in  their 
in vesti^tions  and  are  endeavoring  to  devise  an  implement  for  removing 
Johnson  grass  rootstocks  from  the  soi]. 

BOILING  CROPS. 

With  the  development  of  stock  farming  and  more  intensive  methods, 
particularly  in  the  eastern  half  of  the  iJnited  States,  the  practice  of 
soiling  is  becoming  more  important.  Farm  practice  with  reference  to 
soiling  crops  is  being  studied  with  a  view  to  formulating  systems  for 
all  sections  of  the  country.  In  this,  as  in  all  investigations,  the  expe- 
rience of  successful  farmers  has  been  of  great  assistance. 

CBOPS  FOR  OVBRFLOWSD  LAND6. 

The  problem  of  utilizing  lands  subject  to  annual  overflow  has  con- 
tinued to  receive  attention.  Particular  attention  has  been  given  to 
short-season  annual  crops,  such  as  millet,  early  varieties  of  corn  and 
sorghum,  buckwheat,  cowpeas,  soy  beans,  and  rape,  for  lands  that  are 
free  from  water  during  midsummer  and  the  fall  season,  and  all  these 
crops  have  been  grown  successfully  on  land  that  was  covered  with 
water  until  the  latter  part  of  June.  The  native  grasses  which  are 
extensively  cut  for  hay  on  overflowed  and  swamp  lands  are  also  being 
studied  with  a  view  to  making  seed  of  some  of  the  best  of  them  avail- 
able on  the  markets,  so  that  farmers  who  are  in  need  of  such  grasses 
may  be  able  to  obtain  their  seed. 

■ 

PBUIT-MARKETING  INVESTIGATIONS. 

Next  in  importance  to  ability  to  produce  choice  fruits  is  the  exist- 
ence of  a  sumcient  demand  for  them  at  prices  that  will  yield  a  fair 
Srofit  to  the  grower.  In  fact,  without  reasonable  assurance  of  market 
emand  for  the  product  at  fair  prices,  the  planting  or  maintenance  of 
commercial  orchards  or  vineyards  is  folly.  From  the  nature  of  their 
product,  which  is  at  the  same  time  perisnable  and  an  article  of  luxury 
rather  tnan  of  absolute  necessity  to  the  average  consumer,  the  pros- 
perity of  our  fruit  growers  is  more  dependent  upon  the  price  of  their 
product  at  the  time  of  harvest  than  that  of  almost  any  other  agricul- 
tural class.  Glutted  markets  at  such  times  are  peculiarly  disastrous 
both  to  individual  fruit  growers  and  to  the  regions  in  which  commer- 
cial fruit  culture  has  become  an  important  feature  of  agriculture. 

The  avoidance  of  gluts  is,  therefore,  of  very  great  importance  to  the 
entire  fruit  industry.  While  many  remedies  have  been  suggested, 
that  which  appears  most  practicable  and  reasonable  is  the  wider  dis- 
tribution of  the  product.  For  this  reason  the  chief  line  of  investiga- 
tion in  fruit  marketing  has  been  the  determination  of  methods  best 
adapted  to  the  harvestmg,  packing,  storing,  and  forwarding  of  fruits 
to  points  relatively  distant  from  their  pbces  of  production,  with  a 
view  to  developing  wider  demand-  for  them,  both  in  the  United  States 
and  foreign  countries.  Chief  attention  has  been  thus  far  given  to 
problems  connected  with  the  development  of  the  trans- Atlantic  export 
trade,  the  most  important  work  having  been  done  with  summer  and 
winter  apples,  peaches,  and  pears. 
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matter  of  securing  new  and  desirable  long-staple  cottons.  During  the 
last  three  years  a  number  of  long-staple  Upland  varieties  of  cotton  nave 
been  originated,  and  these  have  come  to  oe  cultivated  to  some  extent 
in  certam  parts  of  the  cotton  belt,  and  very  generally  in  the  rich 
bottom  lanas  of  the  Mississippi  and  Red  rivers  in  Mississippi,  Arkan- 
sas, Louisiana,  and  Texas.  A  large  number  of  hybrids  have  been 
made  for  the  purpose  of  securing  Upland  types  of  long-staple  cottons, 
which  can  be  put  into  general  cultivation,  and  which  will  be  superior 
to  those  now  m  use.  Several  of  these  hybrids  are  approaching  fixity 
of  type.  Among  these  are  some  having  a  staple  from  li  to  If  inches 
in  length. 

In  the  breeding  and  improvement  of  corn  important  advances  are 
being  made.  The  main  object  of  this  work  has  been  the  selection  of 
strains  of  corn  best  adapted  to  the  different  sections  of  the  United 
States.  The  work  is  being  conducted  in  cooperation  with  twenty  or  more 
State  experiment  stations  and  many  farmers.  Each  year  the  Depart- 
ment obtains  pure  seed  from  the  originators  and  breeders  of  the  lead- 
ing strains  of  com  in  various  sections  of  the  country,  and  is  sending 
this  seed  to  different  localties  for  comparative  tests.  ^  At  the  same  time 
extensive  hybridization  work  is  proceeding  for  the  purpose  of  secur- 
ing sweeter,  more  tender,  and  more  productive  strains  of  sweet  corn 
for  table  use.  Connected  with  this  work,  also,  there  are  being  studied 
problems  relating  to  the  handling  of  seed  corn,  seed  selection,  etc. 

Extensive  breeding  investigations  of  oats  have  been  carried  on, 
mainly  for  the  purpose  of  producing  a  profitable  variety  for  the  rich 
farm  lands  of  the  great  corn-growing  States,  where  oats  are  used  in 
rotation  with  corn.  The  production  of  a  more  desirable  oat  for  meal 
constitutes  a  part  of  this  work.  Some  very  promising  hybrids  have 
been  obtained  from  the  naked  oat  of  China — tne  so-called  ^^  European 
hull-less  oat." 

In  the  improvement  of  potatoes  important  work  has  been  conducted 
along  two  lines — (1)  tjrpe  selections,  and  (2)  the  production  of  new 
seedling  varieties.     This  work  was  begun  in  1902,  and  already  very 

Eromismg  results  have  been  obtained,  especially  from  some  of  the 
ybrids. 

Some  of  the  most  important  investigations  in  the  matter  of  breeding 
and  selection  have  been  inaugurated  in  connection  with  the  growing 
of  tobacco.  This  work  is  conducted  along  two  principal  lines — (1)  the 
selection  of  individual  types  in  the  varieties,  and  (2)  crosses  between 
different  varieties.  Extensive  work  has  been  carriea  on  in  Connecticut, 
where  both  shade  and  outside  tobacco  are  grown.  The  work  con- 
ducted so  far  has  shown  unquestionably  that  the  desirable  character- 
istics in  the  leaf  can  be  fixea  from  the  first  year's  selection.  In  this 
work  nine  different  types  have  been  used  and  more  than  300  selections 
have  been  made  of  each  type.  One  hundred  and  twenty-five  plants 
are  used  as  a  standard  for  each  selection.  Thus  the  work  of  selection 
alone  has  involved  the  use  of  something  over  40,000  plants. 

The  work  has  been  conducted  in  such  a  way  that  all  the  plants  have 
been  grown  under  tent  shade,  and  the  entire  development  of  the  leaf, 
from  the  seed  bed  to  the  manufactured  product,  can  be  followed. 
Allied  with  this  work  extensive  investigations  have  been  made  as  to 
the  effect  of  hybridization.  Hybrids  are  easily  secured,  and  from  the 
evidence  already  obtained  by  experience  in  the  Connecticut  Vallev  it 
is  believed  that  the  improvement  of  tobacco  by  crossing  is  practica- 
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ble  and  can  be  successfully  carried  out  according  to  plans  now  in 
operation. 

Other  important  lines  of  work,  having  for  their  object  the  securing 
of  new  types  of  grains,  fruits,  and  other  crops,  have  been  carried  on. 
Important  work  has  been  done  in  the  matter  of  developing  new  varie- 
ties of  pineapples,  new  varieties  of  pears,  and  other  fruits. 

PROOBESS  IN   SEED  AND   PLANT  INTBODUOTION. 

The  work  of  introducing  and  establishing  new  plants  from  foreign 
countries  has  resulted  during  the  year  in  the  introduction  of  1,429 
selected  kinds  of  seeds  and  plants.  These  have  been  secured  through 
correspondence  and.  by  means  of  our  agricultural  explorers^  one  of 
whom  was  sent  to  the  Kussian  Caucasus  m  search  of  new  varieties  of 
fruits;  one  to  the  West  Indies  for  tropical  cassava;  a  third  made  an 
extensive  study  of  the  European  flax  regions,  and  a  fourth  visited 
Mexico  in  search  of  southern  country  apricots.  Such  a  large  number 
of  plants,  introduced  during  previous  years,  remained  to  be  adjusted 
to  American  conditions  that  the  efforts  this  year,  more  than  last,  were 
concentrated  on  the  domestic  side  of  the  problems,  and  no  very  exten- 
sive exploring  trips  were  undertaken.  Notwithstanding  this,  how- 
ever, a  number  of  new  important  importations  were  made.  A  shijy- 
ment  of  over  350  date  suckers,  representing  42  varieties,  mostly  new 
to  America,  was  made  from  the  oasis  of  Biskra  in  the  Sahara.  Two 
hundred  and  seventy  samples  of  different  strains  of  European  flax 
were  collected.  A  collection  of  19  selected  varieties  of  grapes  from 
the  Russian  Caucasus  was  arranged  for.  Two  hundred  and  fifty 
pounds  of  seeds  of  the  true  pistache  and  smaller  Quantities  of  seeds  of 
related  species  for  stocks  were  imported  from  Turkey  and  Central 
Asia.  Tnirty-three  varieties  of  mangoes  of  recognized  superiority 
were  secured  from  Central  India  in  Wardian  cases  for  Florida 
cultivators. 

A  shipment  of  157  bushels  of  berseem  was  made  from  the  valley  of 
the  Nile.  Two  thousand  pounds  of  the  famouspedigreed  Hanna  barley 
were  secured  from  its  originator  in  Moravia.  Two  hundred  trees  of  the 
hardy  Vladimir  cherry,  for  trial  in  the  Northwest,  were  imported  from 
Russia.  One  hundred  and  five  varieties  of  French  phylloxera-resistant 
grapevines  were  secured  for  trial  in  i  nf  ested  California  vineyards.  New 
species  of  the  lily,  from  the  Philippines  and  the  Neilgherry  hills  of  India, 
were  introduced  for  breeding  purposes.  The  yang-taw,  from  Central 
China,  an  entirely  new  fruit-producing  vine,  was  presented  to  the 
Department  by  Consul  Wilcox,  of  Hankow.  A  number  of  promising 
resistant  South  African  grapevines,  a  collection  of  Canary  Islana 
plants,  some  East  African  sorghums,  and  an  interesting  clover  from 
Uganaa  were  some  of  the  gifts  of  Mr.  Barbour  Lathrop,  whose  expe- 
ditions in  search  of  plants  for  this  Department  have  been  mentioned 
in  previous  reports. 

Many  of  the  impoiiant  introductions  from  previous  vears  still 
occupy  the  attention  of  the  office,  and  either  require  f  resn  material 
from  abroad  or  necessitate  field  experiments.  The  durum  wheat  area 
has  been  greatly  extended,  as  already  noted.  A  new  date  garden  in 
the  desert  region  of  southern  California  has  been  establishea  in  coop- 
eration with  the  State  experiment  station.  The  Egyptian  cotton 
introductions  are  leading  to  the  production  of  new  hybrid  races  of 
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Sromise.  The  Malin  or  Moravian  horse-radish  has  proved  a  snccess. 
apanese  bamboo  and  Mitsumata  paper  plantations  are  being  arranged 
for.  Tropical  man^osteens,  imported  by  post,  are  being  suocessf oDy 
propagated  for  distribution  in  Porto  Rico  and  Hawaii.  Egyptian  clover 
IS  being  given  an  extensive  trial  in  Texas,  Louisiana,  and  California.  A 
new  seeoless  pomelo  from  Siam  has  been  grown  for  distribution.  The 
Turkestan  alfalfa  has  seeded  in  several  localities,  and  the  securing  of 
American-grown  seed  of  this  variety  is  now  a  possibility. 

CONORESSIONAL  SEED  DISTRIBUTION. 

As  pointed  out  in  my  previous  reports,  constant  efforts  are  being 
made  toward  the  improvement  of  methods  of  securing  and  handling 
the  general  seeds  for  Congressional  distribution.  Improved  appliances 
have  been  perfected  for  the  mechanical  work,  and  improved  methods 
have  been  adopted  for  securing  the  seed.  The  work  is  now  all  under 
the  direct  supervision  of  efficient  officers  of  the  Bureau  of  Plant 
Industry.  Eveiy  effort  is  being  made  to  improve  the  quality  of  the 
seed  by  securing  pure  stocks.  Extensive  work  is  being  conducted  in 
the  matter  of  a  critical  study  of  varieties  under  different  conditions  of 
soil  and  climate.  Testing  gardens  for  this  purpose  have  been  estab- 
lished in  a  number  of  localities,  and  the  work  is  under  the  supervision 
of  a  thoroughly  competent  expert  horticulturist.  Every  effort  is  being 
made  to  encourage  nome  seed  growing.  Practically  all  of  the  vege- 
table seed  now  distributed  by  the  Department  is  grown  in  the  United 
States. 

A  few  years  ago  nearly  all  of  the  flower  seed,  except  sweet  peas,  was 
imported.  Now  fully  75  per  cent  is  grown  here,  through  the  encour- 
agement offered  by  tne  Department  in  this  work.  A  special  effort  is 
put  forth  in  the  matter  of  distributing  promising  varieties  of  cotton, 
tobacco,  forage  crop,  and  other  seeds.  The  cotton  experts  of  the 
Bureau  have  been  constantly  at  work  securing  new  and  desirable  sorts 
wherever  they  have  been  found  in  connection  with  the  other  cotton 
investigations.  The  results  of  this  continuous  distribution  of  improved 
strains  are  already  beginning  to  show  in  a  number  of  sections  of  the 
South. 

In  the  bandling  of  this  enormous  work  which  Congress  puts  upon 
the  Department,  the  necessitv  for  strict  business  methods  has  l^n 
fully  observed.  The  work  of  handling  one  branch  only  of  this  prob- 
lem involves  the  securing  of  more  than  25  carloads  of  special  seed, 
and  the  testing^,  packeting,  and  mailing  of  this  large  quantity  to  all 

Earts  of  the  United  States.     The  systematizing  of  all  the  operations 
as  been  so  perfected  that  there  is  little  or  no  friction  at  the  present 
time. 

NITROGEN-nXING   BACTERIA. 

Extensive  practical  tests  were  made  the  past  season  with  nitrogen- 
fixing  bacteria  for  use  in  connection  with  leguminous  crops.  The 
results  have  been  even  more  successful  than  we  Bad  anticipatea.  Hun- 
dr«^8  of  applications  have  been  sent  in  from  every  State  in  the  Union 
for  material  with  which  to  inoculate  various  crops.  Practically  all  of 
these  requests  have  been  complied  with  in  such  a  way  that  a  record  of 
the  results  could  be  obtained.  The  results  show  conclusively  that 
where  the  organisms  are  used  in  accordance  with  the  directions  issued 
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by  the  Bureau  increased  yields,  ranging  from  15  to  85  per  cent,  are 
secured.  Furthermore,  many  farmers  nave  been  successful  in  getting 
stands  of  clovers  anil  other  crops  on  soils  where  failure  has  resulted 
heretofore.  The  several  strains  of  bacteria  sent  out  from  the  Depart- 
ment.have  proved  valuable  even  on  soils  containing^  the  uncultivated 
organisms  in  abundance.  It  was  discovered  during  the  year  that 
tubercle  formation  is  not  necessarv  to  successful  inoculation. 

The  bacteria  can  be  present  in  the  roots  of  legumes  in  a  very  efficient 
state  with  no  tubercle  formation  whatever.  The  material  for  inocu- 
lating an  acre  of  soil  by  the  methods  which  have  been  developed  costs 
the  Department  about  1  cent  per  acre  and  the  farmer  scarcely  any- 
thing to  apply  it.  So  great  has  become  the  demand  for  this  material 
that  private  concerns  have  become  convinced  that  there  is  profit  in  pre- 
paring and  distributing  it,  and  several  firms  are  now  announcing  tneir 
preparedness  for  doing  this.  Widespread  interest  in  the  subject  has 
been  manifested  by  the  agricultural  press  and  the  magazines,  and  as 
a  result  of  this  propaganda  work  the  demand  for  the  organisms  is 
constantly  increasing. 

INVESTIGATION   OP  PLANTS  POISONOUS  TO   STOCK. 

In  parts  of  the  Northwest  where  sheep  grazing  is  an  extensive 
industry,  ver}^  great  losses  have  been  experienced  in  many  sections, 
due  to  the  so-called  *Moco  disease."  This  disease  is  commonly  attrib- 
uted to  the  eating  of  the  loco  weed,  by  which  parts  of  the  range  are 
almost  monopolized.  In  one  county  in  one  of  the  Northwestern  States 
in  which  sheep  grazing  has  been  the  chief  industry,  the  disease  has 
made  such  inrot^s  that  many  stockmen  have  been  obliged  to  give  up 
sheep  grazing  altogether,  with  the  result  that  land  values  have  depre- 
ciated and  the  sheep  from  this  region  are  viewed  with  suspicion  by 
buyers. 

During  the  past  two  years  investigations  have  been  made  to  test 
the  relation  between  this  devastating  trouble  and  the  so-called  '*loco 
weed  "  prevalent  in  this  section  of  the  country. 

FIBER  PLANTS. 

The  textile  industries  using  plant  fibers  have  been  growing,  with 
Icineased  demand  for  twine,  coraage,  and  woven  goods,  but,  with  the 
exception  of  cotton,  the  production  of  plant  fibers  in  this  country  has 
not  kept  pace  with  the  consumption.  The  raw  fiber  imported  during 
the  fiscal  year  ended  June  30,  1904,  was  valued  at  more  than  $47,000,- 
000.  This  amount  included  about  f  9,000,000  worth  of  cotton,  chiefly 
Egyptian  and  other  grades,  not  produced  here  commercially.  The 
ower  fibers  imported  were  mostly  sisal,  manila,  jute,  flax,  istle,  and 
hemp.  Investigations  of  all  these  fibers  have  been  conducted  by  the 
Bureau,  special  attention  being  given  to  those  likely  to  succeed  in  our 
own  country. 

DRY-LAND  AGRICULTURE. 

In  m^  last  annual  report  attention  was  called  to  the  importance  of 
developing  a  system  of  agriculture  adapted  to  the  semiand  areas  of 
the  United  States  where  general  irrigation  for  ordinarv  crops  is  not 
practicable  or  possible  owing  to  the  small  annual  rainfall  and  the  con- 
sequent lack  of  sufficient  water.     This  is  true  of  nearly  one- fourth  of 
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the  entire  arable  land  surface  of  this  country.  It  is  believed,  how- 
ever, that  a  profitable  system  of  agriculture  can  be  developed  for  these 
areas  by  securing  crops  which  will  grow  with  a  very  small  amount  of 
water.  Considerable  progress  has  been  made  in  this  direction  and 
facts  have  been  secured  which  show  the  necessity  of  an  immediate  and 
thorough  investigation  of  the  conditions  affecting  the  moisture 
requirements  of  crop  plants  for  growth  in  semiarid  regions,  such  as 
Kafir  corn,  alfalfa,  drought-resistant  wheats,  and  other  crops  at  pres- 
ent unknown  to  American  agriculture. 

WATER  PURIFICATION   INVESTIGATIONS. 

Attention  was  called  in  my  last  report  to  the  investigations  beinff 
carried  on  by  the  physiologists  of  the  Bureau  of  Plant  Industry  with 
a  view  to  finding  metnods  of  destroying  obnoxious  algaa  in  water  sup- 
plies. The  method  discovered  consists  in  using  extremely  dilute 
solutions  of  copper  sulphate.  After  a  chemical  and  microscopical 
studj  of  the  water  to  be  treated,  and  identification  of  the  contam- 
inating organisms,  the  amount  of  copper  required  to  be  effective  is 
determined  and  introduced  in  the  form  of  sulphate.  Numerous  tests 
have  been  made  in  cooperation  with  boards  of  health  and  water  engi- 
neers in  a  number  of  large  reservoirs,  and  the  method  has  proved 
remarkably  efficient  and  successful.  The  fact  that  one  part  of  copper 
sulphate  to  one  hundred  thousand  parts  of  water  will  at  ordinary  tem- 
peratures completely  destroy  the  bacteria  causing  typhoid  fever  and 
Asiatic  cholera  suggests  the  ^reat  usefulness  of  copper  in  fighting 
these  diseases  and  other  maladies  caused  by  closely  related  organisms. 
Physicians  and  public  health  officials  have  taken  great  interest  in  this 
work,  and  will  doubtless  make  prompt  and  thorough  tests  of  the  use- 
fulness of  copper  in  such  cases. 

CONSTRUCTION  OF   NEW   GREENHOUSES. 

The  new  buildings  planned  for  the  Department  made  it  necessary  to 
remove  the  glass  houses  now  on  the  grounds.  A  special  appropriation 
of  $25,000  was  secured  for  this  purpose,  and  the  new  nouses  have 
been  erected  and  are  now  complete.  This  new  range  consists  of  8 
modern  houses,  each  142  feet  long,  which  were  put  up  under  contract 
Three  additional  houses  have  been  put  up  by  the  Bureau's  force  of 
workers,  and  two  of  the  smaller  houses  have  been  moved  from  their 
old  location  to  the  new  one.  The  new  range  is  much  more  satisfactory 
than  the  old  one,  and  it  will  be  devoted  to  various  lines  of  work  con- 
nected with  the  Bureau.  The  contract  for  the  new  houses  was  let  on 
June  1,  1904,  and  they  were  completed  on  September  1  of  the  same 
year. 

ARLINGTON   FARM. 

During  the  year  the  important  work  of  improving  the  soil  condi- 
tions at  the  Arlington  Farm  has  been  continued.  New  systems  of 
drainage  have  been  put  in,  cottages  for  the  superintendent  and  other 
workers  constructea,  barns  erected,  and  other  improvements  made: 
and  the  farm  has  been  put  in  shape  for  the  advanced  experimental 
work  it  is  proposed  to  conduct  there.  Extensive  plantings  have  also 
been  made  oi  economic  fruits,  ornamental  trees,  and  other  plants. 
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Test  work  with  potatoes,  celery,  forage  crops,  and  various  fruits  has 
been  carried  on.  Ciooperative  work  with  other  bureaus  has  also  been 
inaugurated. 

COOPERATION  WITH   STATE   EXPERIMENT  STATIONS. 

The  Bureau  of  Plant  Industry  is  now  cooperating  with  practically 
all  of  the  State  experiment  stations  in  the  country.  .  The  work  covers 
investigations  of  diseases  of  plants,  studies  having  for  their  object 
plant  improvement,  investigation  of  forage  crop^  conditions,  encour- 
agement in  the  production  of  new  crops  and  new  industries,  and  many 
other  lines  of  work.  In  some  special  cases,  notably  California,  close 
cooperation  has  been  effected,  having  for  its  object  the  establishment 
of  important  testing  gardens  and  other  allied  work.  With  the  assist- 
ance of  the  officers  oi  the  California  experiment  station  a  testing  gar- 
den has  been  established  at  Chico,  Cal.  The  land  for  this  garden  has 
been  donated  to  the  experiment  station,  to  be  held  in  trust  by  the 
station  for  the  use  of  the  Bureau. 

It  is  i)lanned  to  carry  on  extensive  work  here  in  the  matter  of  test- 
ing grains,  fruits,  and  other  crops  specially  adapted  to  the  Pacific 
Coast.  It  is  the  policy  of  the  Department  in  all  cooperative  work  with 
the  stations  to  fully  recognize  the  relations  of  the  stations  to  the  officers 
who  control  them.  Furthermore,  wherever  the  Department  desires 
to  undertake  work  in  a  State,  its  policy  is  to  endeavor  to  do  this  work 
in  cooperation  with  the  station. 

FARM   MANAGEMENT. 

In  order  to  properly  conduct  the  work  on  farm  management,  which 
has  already  been  set  forth  in  previous  reports,  an  office  has  been  estab- 
lished for  the  purpose.  The  object  of  this  office  is  to  bring  together 
in  systematic  shape  all  of  the  available  information  in  the  Bureau  in 
such  a  way  that  it  can  be  placed  in  the  hands  of  the  farmer  for  his 
practical  use.  The  office  gathers  together  information  concerning 
farm  practice  in  all  sections  of  the  country  as  a  basis  for  further  work. 
It  secures  and  publishes  correct  records  of  crops  grown  and  the 
manner  of  growmg  them,  for  the  information  of  others  who  desire  to 
follow  successful  plans.  It  encourages  farmers  to  visit  and  study 
experiment  station  work^  the  experiment  stations,  and  the  successful 
farmers  in  their  own  section.  It  encourages  diversification  in  farming 
where  continuous,  clean  cultivation  of  a  single  crop  has  impoverished 
the  soil.  It  outlines  systems  of  cropping  for  different  kinds  of  farm- 
ing in  all  sections  of  the  country,  ana  furnishes  data  in  the  matter  of 
properly  laying  out  farms,  fruit  plantations,  truck  gardens,  etc. 

BTTBBATT  OF  FORESTBY. 
PRESENT  FOREST  SITUATION  IN  THE   UNITED  STATES. 

The  present  outlook  as  regards  forestry  in  the  United  States  is 
exceedingly  hopeful.  The  lumber  industry  as  a  whole  is  now  awak- 
ening to  the  fact  that  lumbering  with  reference  to  future  as  well  as 
present  profits  may  be  good  business  and  ought  to  be  taken  into 
account  on  business  grounds.     A  growing  tendency  to  hold  cut-over 
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lands  is  plainly  marked  among  far-sighted  owners  of  large  holdings. 
This  means  that  conservative  management  on  the  part  of  those  who 
operate  on  a  large  scale  is  fairly  launched.  Except  that  further  agi- 
tation is  essential  to  give  the  facts  publicity,  the  general  adoption  of 
forestry  as  an  established  policv  now  depends  primarily  on  business 
conditions  pure  and  simple.  The  question  whether  or  not  it  will  pay 
is  one  to  be  settled  in  each  individual  case  by  study  of  conditions  on 
the  ground.  Forestry  can  not  alter  economic  conditions;  it  can  only 
use  them.  Forestry  is  now  in  actual  practice  on  large,  privately 
owned  tracts  in  seven  different  States.  This  is  the  direct  result  of  the 
past  work  of  this  Department  in  forestry. 

FIELDS  FOR  FUTURE  WORK  OF  THE  BUREAU. 
MSBD  OF  INYEBTIGATINQ  OENSRAL  FOREST  PROBLEMS. 

Extensive  investigations  of  forest  conditions  and  of  methods  of 
operation  are  still  urgently  needed  before  the  road  to  practical  succesd 
can  be  said  to  be  generally  open.  The  employment  of  foresters  hj 
large  private  owners  to  supervise  operations  on  their  own  lands  is 
being  taken  up.  In  the  public  interest  this  needs  to  be  brought  about 
wherever  conaitions  are  favorable,  but  more  and  more  the  promotion 
of  private  forestry  by  the  Bureau  of  Forestry  can  and  should  be  made 
incidental  to  its  other  functions  of  directing  the  management  of  public 
forest  lands  and  scientifically  investigating  general  forest  problems. 

In  the  case  of  small  owners  much  remains  to  be  done.  The  farmers 
of  the  country  are  learning  how  to  get  the  most  out  of  their  land  in 
other  ways  through  the  scientific  information  which  the  Department 
of  Agriculture  collects  and  diffuses.  So,  also,  in  the  case  of  timber 
yield,  studies  which  individuals  can  not  undertake  but  which  must  be 
made  if  the  wealth-producing  power  of  the  country  as  a  whole  is  to 
be  brought  to  its  highest  point,  need  to  be  prosecuted  in  the  public 
interest.     The  average  small  timber-land  owner  is  to-day  in  many 

I)arts  of  the  country  a  a  decided  disadvantage  in  comparison  with  the 
arge  owner,  because  he  lacks  both  working  capital  and  equally  broad 
knowledge  of  general  conditions.  It  is  true  that  large  lumbering 
operations  can  often  be  made  more  profitable  than  small,  but  it  is  not 
in  the  public  interest  that  small  owners  should  fail  to  make  a  profit 
which  is  within  their  reach  because  they  do  not  know  how  best  to 
utilize  what  they  have  now,  or  do  not  realize  what  it  is  likely  to  be 
worth  in  the  future.  Thus  the  furtherance  of  that  part  of  this 
Department's  work  which  is  directed  toward  informing  the  small 
owner  how  he  can  to  advantage  practice  forestry  on  his  own  account, 
is  of  the  first  importance  for  the  best  use  of  the  200  million  acres  of 
woodlots  which  our  country  contains. 

SCIENTIFIC  STUDIES   AND   AID   IN  CARE  OP  STATE   AND   NATIONAL  P0RBSI8. 

By  its  scientific  studies  of  American  forests  the  Bureau  of  Forestry 
has  prepared  a  solid  basis  for  practical  forestry.  Special  studies  of 
our  important  timber  trees  have  yielded  information  obtainable  in  no 
other  way  and  essential  to  the  management  of  forests  of  which  they 
form  an  important  part.  There  is  now  no  considerable  portion  of  the 
United  States  for  wnich  the  Bureau  of  Forestry  has  not  at  hand  special 
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knowledge  bearing  directly  on  questions  pertaining  to  the  use  of  the 
forests.  Nevertheless,  what  has  been  done  is  haraly  a  beginning  in 
comparison  with  the  vastness  of  the  field. 

In  the  work  of  building  up  a  sound  permanent  policy  for  the  forests 
of  the  National  domain  the  Department  of  Agriculture  has  continued 
to  render  important  services.  Much  of  the  work  of  the  Bureau  of 
Forestry  during  the  year  has  been  the  examination  of  lands  already 
reserved  or  likely  to  be  reserved  in  order  to  recommend  the  exclusion 
from  them  of  such  areas  as  are  more  valuable  for  agriculture  than 
under  forest.  The  personnel  of  the  Bureau  of  Forestry  has  become 
practically  familiar,  by  studies  on  the  ground,  with  every  phase  of  the 
question  of  putting  to  the  best  use  the  public  lands  of  the  country. 
Thus  an  eflScient  force  has  been  prepared  by  actual  experience,  as  well 
as  by  technical,  scientific  trainmg,  for  the  demands  which  a  fully 
developed  National  forest  policy  must  eventually  impose. 

In  the  light  of  these  facts  it  is  plain  that  the  ultimate  function  of  the 
Bureau  of  JForestry  as  a  part  of  the  Government  administrative  equip- 
ment is  gradually  defining^  itself.  Its  effort  to  introduce  forest  man- 
agement among  large  private  owners  at  the  earliest  possible  moment 
will  cease  to  be  necessary  when  it  becomes  generally  successful.  It 
was  undertaken  because  of  an  evident  urgent  public  need.  Destructive 
lumbering  had  already  greatly  reduced  the  area  of  productive  timber 
lands  in  tne  United  States,  and  its  continuance  was  a  menace  to  the 
future  prosperity  of  the  country.  Because  of  the  work  of  this  Bureau 
forestry  has  now  a  recognized,  standing  in  the  eyes  of  the  American 
lumber  trade.  The  Bureau  of  Forestry  is  giving  a  smaller  proportion 
of  its  time  to  the  preparation  of  working  plans  for  large  timber  tracts 
belonging  to  private  owners  than  ever  oefore,  and  bearing  a  smaller 

Eroportion  of  the  expense,  and  the  progress  of  the  past  year  has 
rought  visibly  nearer  the  time  when  it  can  withdraw  practically  or 
entirely  from  this  field. 

There  will  then  chiefly  remain  work  along  the  lines  of  (1)  scientific 
study  of  problems  which  have  a  practical  bearing  on  forest  utilization 
for  any  purpose;  (2)  cooperation  with  States  which  ask  advice  con- 
cerning lorest  legislation,  administration,  or  the  formulation  of  a  State 
forest  policy,  and  (3)  the  discharge  of  whatever  duties  may  be  assigned 
to  it  in  connection  with  the  administration  of  the  public  lands  by  the 
National  Government. 

Along  this  latter  line  it  is  at  present  the  official  adviser  in  technical 
mattei*s  of  the  Departments  which  have  in  charge  forested  lands  under 
Government  control,  both  here  and  in  the  Philippines,  and  it  is  also 
chiefly  responsible  for  recommending  changes  in  present  reserve 
boundaries  and  for  recommending  the  setting  aside  of  new  reserves. 
The  policy  which  lies  at  the  base  of  the  creation  of  the  reserves  is  that 
the  public  forests  should  not  be  withdrawn  from  use,  but  should  be 
managed  under  such  restrictions  as  will  insure  their  permanent  use- 
fulness. This  policy  this  Department  is  actively  f  urtnering,  and  no 
part  of  its  work  is  more  important. 

LINES   OF  WORK   BBQUIRINO   EXTENSION. 

An  increase  in  the  funds  available  for  the  Bureau  of  Forestry  is 
essential  to  make  it  possible  to  push  its  work  more  i*apidly.  It  is  my 
purpose  to  provide  the  fullest  facilities  for  the  prompt  investigation 
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of  actual  or  proposed  forest  reserves,  as  well  as  for  further  examina- 
tions of  forested  parts  of  the  public  domain  not  now  reserved  which 
five  promise  of  permanent  value  as  sources  of  water  or  wood  supply, 
'he  greatest  need  of  the  West  is  water.  In  many  States  future  settle- 
ment and  prosperity  depend  absolutelv  upon  its  conservation.  This 
again  largely,  m  many  cases  wholly,  depends  on  the  preservation  of 
the  forests.  To  make  possible  the  execution  and  extension  of  the 
work,  I  have  asked  for  an  increased  appropriation  for  the  Bureau  of 
Forestry  for  the  coming  year. 

Planting  on  forest  reserves. — ^The  work  of  planting  on  forest 
reserves  opens  another  fruitful  field.  In  the  San  Grabriel  Reserve  in 
California,  the  Pikes  Peak  Reserve  in  Colorado,  and  the  Dismal  River 
Reserve  in  Nebraska,  the  planting  has  been  begun  and  should  be  vigor- 
ously prosecuted.  In  the  first  two  cases  the  object  is  to  cover 
denuded  mountain  slopes  with  forest  growth,  in  the  interest  primarily 
of  water  conservation  and,  in  the  case  of  the  Nebraska  reserve,  to 
provide  a  future  valuable  timber  supply.  This  planting  is  under- 
taken only  after  a  careful  preliminary  survey  has  proved  that  there 
is  an  economic  need  for  new  growth  which  nature  can  not  supply,  and 
after  painstaking  experiment  has  demonstrated  what  methods  can  be 
depended  on  for  success.  Under  these  circumstances  expenditure  for 
planting  is  as  truly  economical  as  is  that  of  the  farmer  when  he  pur- 
chases seed  to  sow  that  he  may  harvest  the  increase.  I  believe  that  an 
addition  to  the  sum  available  for  this  work  will  be  amply  justified  by 
the  returns. 

The  development  of  economic  mining  will  soon  wait  for  the  growth 
of  trees  within  reasonable  distance.  The  miner  is  an  important  factor 
in  the  growth  of  many  of  our  States  and  of  the  country  at  large,  and 
should  nave  all  facilities  given  him  to  conduct  his  work  on  the  most 
economic  basis.  Where  the  miner  ceases  work  the  farm  and  factory 
lose  a  market.  For  this  reason  the  miner  should  have  the  first  claim 
on  the  forest  for  such  timbers  as  he  requires. 

Studies  in  forest  products. — Auxiliary  to  studies  of  the  forest 
itself,  but  of  the  most  importance  in  relation  to  the  conservative  use 
of  our  forest  resources,  stand  the  studies  in  forest  products.  Among 
them  at  the  present  time  are  (1)  the  studies  in  timber  preservation, 
especially  of  railroad  ties,  which  promise  such  conspicuous  and  suc- 
cessful results  in  timber  economy;  (2)  the  experiments  in  timber  test- 
ing, to  ascertain,  under  such  conditions  as  ootain  in  actual  everyday 
practice,  new  strength  determinations  for  use  by  engineers,  architects, 
and  others;  and  (3)  the  investigations  of  the  tannin  content  of  barks, 
of  pulp  processes,  etc.  In  the  way  of  securing  large  economies  by  a 
comparatively  emaU  outlay  for  investigation,  no  more  promising  &\d 
for  useful  work  by  the  Bureau  of  Forestry  is  open  than  this. 

Cooperation  with  State  authorities. — The  desire  of  State  au- 
thorities for  the  assistance  of  the  Bureau  of  Forestry  in  cooperative 
work  and  in  framing  forest  legislation  and  their  willingness  to  con- 
tribute to  its  cost  are  facts  worth  noting.  State  cooperative  studies 
have  now  been  made  in  Maine,  New  Hampshire,  New  I  ork,  Maryland, 
Michigan,  Wisconsin,  California,  and  Hawaii.  Were  this  Department 
prepared  to  push  the  work  along  this  line  large  results  could  be 
rapidly  secured.  The  whole  cause  of  forest  preservation  hinges  on 
the  interest  of  the  State  governments,  because  no  matter  how  fully 
persuaded  the  private  owner  may  be  that  forest  management  promises 
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to  yield  him  good  returns,  without  fair  assurance  of  safeguard  against 
fire  and  of  equitable  taxation  during  the  period  requiredfor  a  second 
crop  to  mature  on  cut-over  lands,  he  can  make  no  headway.  The 
exclusion  of  fire  depends  on  local  sentiment,  State  legislation,  and 
State  or  local  police  and  patrol.  Unless  the  States  are  awake  to  their 
duty  toward  this  form  of  property  the  Federal  Government  can  do 
little  beyond  caring  for  its  own  noldings.  In  California  one  result  of 
the  cooperative  work  now  goin&f  on  is  the  drafting  of  what  appears  to 
be  the  best  forest-fire  law  yet  drawn  up  in  this  country.  The  way  is 
now  open  for  a  great  advance  through  State  cooperation  if  the  requi- 
site means  of  meeting  its  cost  beyond  the  State  contributions  can  be 
made  available. 

SUCCESS  OF  FOBESTRY  WORK. 

The  successive  advances  which  have  been  made  by  Congress  of 
recent  years  in  the  appropriation  for  the  Bureau  of  Forestry  oflfer  one 
of  the  best  evidences  of  the  commendation  which  its  work  has  received. 
More  and  more  money  has  been  given  to  it  to  spend  because  it  has 
proved  year  by  year  its  capacity  to  do  more,  and  more  practical,  good 
work.  It  prosecutes  its  researches  solely  that  it  may  discover  and 
diffuse  information  which  contributes  to  oui*  National  well-being. 
Within  six  vears  its  force  has  increased  sixteenf old  and  its  expenoi- 
ture  twelvefold;  but  neither  of  these  facts  is  an  adequate  measure  of 
its  advance  in  practical  efficiency  or  of  its  success  in  changing  former 
conditions.  By  a  single  discovery — that  the  cup  and  gutter  system, 
devised  by  one  of  its  agents,  could  be  commercially  applied  to  the  pro- 
duction of  crude  turpentine — it  is  now  saving  many  times  more  annu- 
ally to  the  naval-stores  industry  than  the  total  expenditures  of  the 
Bureau  during  the  whole  six  years. 

It  has  changed  forestry  for  business  returns  in  the  United  States 
from  an  undemonstrated  and  doubtful  theory  into  a  well-established 
business  operation;  it  has  converted  the  lumber  industry  of  the  coun- 
try from  an  attitude  of  well-grounded  suspicion  to  one  of  support;  it 
has  converted  the  general  puolic  from  indifference  to  what  seemed  an 
impractical  outcry  to  an  intelligent  comprehension  of  what  forestry 
has  to  offer.  By  bringing  home  to  the  railroads  the  need  of  economic 
utilization,  preservative  treatment,  and  provision  for  future  supplies 
it  has  set  on  foot  a  movement  of  incalculable  importance.  By  teach- 
ing Western  farmers  how  to  plant  and  grow  trees  for  farm  protection 
and  local  timber  supplies  it  has  added  materially  to  the  comfort  and 

Srosperity  of  vast  regions  and  manv  States.  More  important  still,  by 
emonstrating  the  capacity  of  the  forest  to  store  water,  and  by  ener- 
getic activity  to  guard  from  sale  or  destruction  forests  of  important 
protective  power,  it  has  contributed  to  the  success  of  National  irriga- 
tion, one  or  the  most  vital  developments  of  recent  years. 
^  But  though  this  Bureau  has  accomplished  and  is  accomplishing  prac- 
tical results  out  of  all  proportion  to  its  money  expenditure^  this  is  not 
exceptional  in  the  Department  of  Agriculture,  and  forms  m  itself  no 
justification  for  a  further  increase.  The  question  is  simply  in  each 
case  whether  the  country  will  be  better  off  by  spending  the  money  or 
by  not  spending  it.  There  are,  however,  certain  special  reasons  why 
the  Bureau  of  Forestry  should  have  made,  and  should  for  some  time 
continue  to  make,  an  exceptionally  rapid  growth.  Its  task  is  virtually 
that  of  building  up  a  new  science  in  this  country,  combined  with  that 
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of  getting  its  discoveries  recognized  and  applied  by  a  public  once  little 
alive  to  their  value.  No  otner  branch  of  agricultural  science  has 
recently  been  in  such  need  of  development,  and  in  the  whole  history 
of  agricultural  progress  I  believe  that  no  other  similar  development 
was  ever  more  timely.  This  development  took  place  because  of  the 
unparalleled  National  need  created  by  the  vastness  of  the  interest 
involved  and  the  critical  point  which  forest  destruction  had  reached. 
And  there  is  still  much  to  be  done  before  this  new  science  can  over- 
take the  nation's  requirements. 

WORK  ACCOMPLISHED  DURING  THE   YEAR. 
COOPBRAnVE  STATE  PORBBT  8TUDIBB. 

Forest  studies  in  cooperation  with  State  or  Territorial  governments 
were  carried  on  during  the  year  in  New  Hampshire,  Marvland,  Wis- 
consin, California,  ana  Hawaii.  A  report  on  tne  work  in  New  Hamp- 
shire is  now  in  the  hands  of  the  printer.  It  contains  a  thorough  study 
of  the  main  forest  resources  of  the  State,  and  will  afford  a  satisfactory 
basis  for  the  adoption  of  a  broad  and  far-sighted  State  forest  policy. 

The  study  in  Hawaii  resulted  in  the  publication  of  a  bulletin  on 
"The  Forests  of  the  Hawaiian  Islands,"  in  the  adoption  by  the  Terri- 
torial government  of  its  recommendations,  and  the  appointment  of  a 
member  of  the  Bureau  of  Forestry  as  superintendent  of  forestry  in  the 
islands. 

A  map  and  report  embodying  results  of  the  work  in  Maryland  will 
appear  m  the  annual  report  of  the  State  geologist. 

In  California  over  20,000,000  acres  of  forest  were  mapped  and 
described;  the  growth  of  planted  eucalypts  was  studied;  important 
investigations  of  the  effects  of  chaparral  cover  on  water  conservation 
and  on  the  forest,  and  of  the  forest  replacement  on  denuded  areas, 
were  prosecuted;  and  the  study  of  forest  fires  was  continued,  with 
the  result  that  what  is  believed  to  be  the  best  fire  law  ever  prepared 
for  State  enactment  has  been  drafted  for  presentation  to  the 
legislature. 

FOREST  MEASUREMENTS. 

Of  forest  measurements  there  were  handled  during  the  last  fiscal 
year  the  results  of  over  24,000  acies  of  valuation  surveys,  over  33,000 
analyses  of  trees,  16,000  height  measurements,  and  2,300  taper  meas- 
urements. The  volume  of  uiis  work  does  not,  however,  measure  its 
importance.  In  computing,  compiling,  and  digesting  the  mass  of 
iniormation  supplied  by  the  field  studies  of  the  Bureau  the  accumula- 
tion of  details  would  count  for  little  if  the  results  were  worked  up  by 
purely  routine  or  mechanical  methods.  The  task  imposed  is  to  create 
a  body  of  scientific  knowledge  by  developing  to  significant  conclusions 
the  raw  material  turned  in — a  task  calling  first  of  all  for  intelligence 
and  insight.  The  result  is  real  advance  in  accurate  knowledge  of 
forest  conditions  and  increasing  ability  to  direct  practical  operations. 
Both  in  the  preparation  of  working  plans  and  in  the  special  studies 
of  commercial  trees  and  forest  problems  which  have  been  made  during 
the  year  the  efficiency  of  the  work  included  under  forest  measure* 
ments  has  been  demonstrated. 
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F0IUB8T  MANAOSMENT. 

The  work  of  the  Bureau  under  the  act  of  Congress  of  June  27. 1902, 
known  as  the  Morris  bill,  has  proved  that  conservative  lumoering 
under  practical  regulations  pavs  in  the  white-pine  region  of  northern 
Minnesota.  In  point  of  fact  a  higher  price  was  obtained  for  the  timber 
sold  under  that  act,  to  be  cut  and  removed  under  rules  prescribed  by 
the  Forester,  than  similar  adjacent  timber  brought  shortly  before, 
when  sold  without  such  restrictions.  On  about  one-fourth  of  the 
200,000  acres  to  be  lumbered  the  6  per  cent  of  timber  to  be  left  standing 
had  been  selected  and  marked  at  the  end  of  the  fiscal  year. 

During  the  year  applications  for  assistance  in  introducing  forest 
management  on  private  holdings  were  received  from  47  owners  of 
large  tracts,  covering,  nearly  4,000,000  acres,  and  from  89  owners  of 
woodlots  with  a  total  area  of  about  6,600  acres.  The  field  work  for 
eight  working  plans  for  large  tracts,  covering  about  1,000,000  acres, 
was  completed,  and  for  68  woodlots  of  nearly  19,000  acres  total  area. 

The  eight  working  plans  for  large  tracts  were  studies  of  typical 

I)roblems  in  five  widely  separated  States.  In  Minnesota  a  tract  of 
and  formerly  covered  mainly  with  white  and  Norway  pine,  a  large 
part  of  which  has  been  lumbered  and  is  now  entirely  unproductive,  pre- 
sented a  characteristic  example  of  much  of  the  remaining  forest  land 
of  the  lake  region.  The  plan  of  management  devised  provides  for 
reproduction  from  seed  trees  and  for  fire  protection.  Iii  Alabama  a 
working  plan  was  prepared  for  two  forests  of  virgin  longleaf  pine, 
owned  by  one  company,  which  wished  to  be  assured  of  a  continuous 
mill  supply.  In  Texas  another  longleaf -pine  study  completed  during 
the  year  furnished  the  material  for  estimating  present  and  future 
yieMs  of  longleaf  and  at  the  same  time  demonstrated  the  wastefulness 
of  some  of  the  Imnbering  methods  now  commonlv  followed. 

In  West  Virginia  a  tract  covered  with  hardwood,  hemlock,  and 
spruce  forest,  much  of  which  is  in  poor  condition,  was  studied  to 
ascertain  the  practicability  of  management.  In  New  Hampshire  three 
working  plans  were  prepared:  one  for  a  tract  where  the  reauirement 
was  primarily  the  improvement  of  a  forest-park  property;  tne  second 
for  tne  tract  of  a  manufacturing  company  wishing  to  secure  a  steady 
supply  of  box  boards  and  increase  the  productiveness  of  the  forest; 
and  the  third  for  a  White  Mountain  tract,  where  the  chief  requirement 
was  a  system  of  fire  protection. 

Commercial  tree  studies  of  the  year  included  balsam  fir,  paper 
birch,  poplar,  loblolly  pine,  and  red  gum. 

DENDROLOGY. 

Reports  which  mark  the  conclusion  of  the  field  studies  of  Missouri 
swamp  forests  and  Ohio  hardwood  forests,  and  of  the  laboratory 
studies  of  gums,  resins,  tan  barks,  and  pulp-wood  fibers  conducted  in 
cooperation  with  the  Bureau  of  Chemistry,  were  completed  during  the 
year.  Field  work  was  completed  in  the  studies  of  California  big  trees 
and  bristlecone  fir,  and  of  turpentine  orcharding  and  laboratory  work 
in  a  cooperative  investigation  of  turpentine  adulterants.  A  descrip- 
tive study  of  the  forests  of  Suffolk  and  Nassau  counties,  Long  Island, 
was  begun  and  finished;  investigations  of  Pacific  coast  tan-bark  trees 
and  of  basket- willow  culture  were  continued;  and  an  investigation  of 
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methods  of  turpentine  distillation,  with  special  reference  to  improving 
commercial  processes  of  production  in  this  country,  was  begun. 
Experiments  bearing  on  the  culture  of  the  sugar  maple  were  made  to 
supplement  a  study  of  the  sugar-maple  industry  previously  com- 
pleted. The  collection  of  forest  photographs  received  notable  addi- 
tions by  exchange  with  foreign  countries,  and  by  ^f ts  as  well  as  by 
the  normal  increase  from  the  new  photographs  obtamed  by  the  Bureau 
of  Forestry  in  connection  with  its  field  work. 

F0RB8T  BXTEN8IOM. 

In  the  work  of  cooperation  with  private  owners  to  promote  forest 
planting  the  Bureau  of  Forestry  prepared  during  the  year  42  planting 
plans  for  an  aggregate  of  over  2,800  acres.  Altogether  334  planting 
plans  have  been  made  for  land  in  52  States  and  Territories.  This  is 
a  work  of  high  utility,  particularly  in  those  regions  of  the  West 
where  timber  and  water  are  scarce  and  farm  protection  against  hot  or 
cold  winds  is  important.  Cooperation  is  confined  to  the  giving  of 
expert  advice;  all  the  expense  of  the  planting  is  borne  by  the  owner. 
By  .the  adoption  of  a  system  of  regional  studies  rapid  progress  is 
bein^  made  toward  a  point  at  which  this  expert  advice  can  ordinarily 
bfe  given  by  correspondence.  When  this  point  is  reached,  the  Bureau 
of  Forestry  will  be  in  a  position  to  contribute  materially  to  the  well- 
being  of  wide  regions  at  almost  no  expense. 

In  forest-reserve  planting  extensive  operations  are  now  under  way 
in  Nebraska,  where  previous  experiments  have  pointed  out  how  plant- 
ing on  a  large  scale  can  be  made  successful.  In  the  spring  of  1904 
there  were  taken  frofn  the  nursery  and  planted  in  the  Dismal  River 
Reserve  300,000  seedlings,  of  which  over  90  per  cent  survived. 
Highly  efficient  and  economical  methods  of  doing  this  work  were  de-. 
vised.  Preliminary  preparations  for  planting  were  made  in  the  Nio- 
brara Reserve,  Nebraska,  the  San  Gabriel  Reserve,  California,  and 
the  Pikes  Peak  Reserve,  Colorado. 

Studies  of  natural  forest  replacement  were  conducted  in  Colorado, 
western  E^ansas^  western  Nebraska,  northern  New  Mexico,  and  New 
England. 

The  investigation  of  forest  fires,  with  especial  reference  to  methods 
of  preventing  and  controlling  them,  has  been  continued,  and  encour- 
aging progress  made.  The  study  of  the  reclamation  of  shifting  sand 
throu^  forest  growth  was  continued. 

FOBE8T  PRODUCTB. 

The  studies  in  timber  preservation  conducted  by  the  Bureau  of 
Forestry  are  yielding  results  of  large  economic  importance.  Exten- 
sive experiments  were  conducted  during  the  year  in  the  West  with 
longleai,  shortleaf ,  loblolly,  lodgepole,  and  western  yellow  pine,  spruce, 
and  white  and  red  fir  ties.  Ties  were  employed  for  these  tests  partly 
because  of  the  opportunities  for  experiments  of  general  application 
afforded  by  the  selection  of  this  form  of  timber,  and  partly  because  of 
the  intrinsic  importance  of  the  specific  subject  of  tie  preservation. 
These  experiments  have  already  developed  a  number  of  important 
facts  connected  with  timber  seasoning  and  preservation. 

In  the  Central  States  similar  experiments  were  made  with  a  large 
number  of  hardwood  timbers,  especially  with  those  possibly  capable  of 
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filling  the  place  for  certain  uses  of  white  oak  and  hickory,  the  supply 
of  which  is  dwindling  fast«  It  was  found  that  chemical  treatment 
will  permit  their  use  for  structural  purposes;  that  conspicuous 
improyement  in  present  methods  of  seasonmg  is  possible;  and  that  the 
effectiveness  of  preservative  treatment  of  red  oafe  is  greatly  increased 
by  thorough  seasoning  both  before  and  after  treatment. 

In  the  &At  the  seasoning  of  and  application  of  preservatives  to  tele- 
graph and  telephone  poles  and  cross  arms  were  mvestigated,  and  dis- 
coveries which  render  possible  considerable  economies  were  made. 
Further  experiments  to  reduce  the  rate  of  decay  of  poles  at  the  butt 
are  under  way.  Seasoning  experiments  are  in  progress  with  Adiron- 
dack hardwoods. 

The  investigation  of  the  strength  of  timbers  directly  meets  the  needs 
of  engineers,  architects,  and  others  who  have  to  do  with  the  use  of  con- 
struction timber,  and  is  likely  to  be  followed  by  a  revision  of  specifica- 
tion requirements  and  grading  rules.  Large  timbers  in  market  forms 
and  sizes,  of  red  fir,  western  hemlock,  and  loblolly  and  longleaf  pine 
were  tested.  Eastern  investigations  of  many  species  are  needed 
in  the  interest  of  the  most  economical  use  of  our  timber  supply;  for  it 
is  undoubtedly  true  that  timber  trees  neglected  hitherto  will  be  found 
to  possess  unsuspected  value. 

Other  important  lines  of  investigation  pursued  were  a  study  of  the 
mechanical  properties  of  red  gum,  whicn  established,  among  other 
things,  its  suitability  for  carriage  manufacture;  studies  of  the  relative 
strength  of  various  forms  of  tie  fastenings  and  of  devices  to  prevent 
the  rapid  wear  of  soft  timbers  protected  against  decay  by  preservative 
treatment;  and  a  study  of  the  enect  of  moisture  content  on  the  strength 
of  timber. 

LOUISIANA  PURCHASE    EXPOSITION   FOREST  EXHIBIT. 

The  most  extensive  and  complete  forest  exhibit  ever  made  by  this 
Bureau  was  installed  at  the  Exposition  at  St.  Louis.  It  included  the 
execution  out  of  doors  of  tree-planting  plans  and  the  setting  of  trees 
adapted  to  every  part  of  the  country,  ana  an  exhibit  of  the  best  forest 
nursery  methods.  A  full  exhibit  by  transparencies,  pictures,  and 
apparatus  illustrated  every  phase  of  our  forestry  work  and  forest  con- 
ditions in  all  parts  of  the  country.  Methods  of  testing  commercial 
timber  were  illustrated,  and  an  experimental  plant  for  wood  preserva- 
tion was  established  and  operated  during  the  Fain 

BT7BEAU  OF  OHEMISTBT. 

The  Bureau  of  Chemistry,  during  the  last  few  years,  has  expanded 
the  sphere  of  its  activity  in  many  directions. 

AID  TO   OTHER  DEPARTMENTS. 

First  to  be  noticed  of  this  expansion  is  the  work  done  under  that 
authorization  by  Congress  which  secures  the  services  of  this  Bureau 
for  the  other  Departments  of  the  Government.  Under  this  authority 
the  amount  of  work  which  has  been  done  for  the  other  Departments 
has  rapidly  increased.  This  is  especially  true  of  chemical  oetermina- 
tions  in  collaboration  with  the  Treasury  Department. 
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For  the  Department  of  Justice  extensive  investigations  have  been 
undertaken  to  determine  the  injuries  suffered  by  forest  reserves  from 
the  fumes  of  smelters.  For  this  Department,  also,  numerous  chem- 
ical investigations  have  been  made  in  connection  with  cases  arising  in 
the  administration  of  justice  in  the  Indian  reservations  and  in  certain 
cases  of  poisoning  which  have  occurred  within  those  reservations. 

For  the  Post-Office  Department  extensive  examinations  have  been 
made  of  canceling  stamps  and  the  inks  used  therewith;  also  of  alleged 
remedies  offered  oy  advertisements  through  the  mails  and  regarded  by 
the  postal  authorities  as  fraudulent  in  their  nature. 

For  the  various  Departments  a  large  number  of  analyses  have  been 
made  of  articles  offered  under  contract  to  determine  whether  these 
articles  are  of  the  quality  and  purity  specified  in  the  contracts. 

FOOD  INSPECTION. 

The  second  important  item  in  the  expansion,  of  the  work  of  the 
Bureau  of  Chemistry  has  been  the  estaolishment  of  inspection  for 
imported  food  products.  Attention  is  invited  to  the  fact  that  under 
this  law  the  character  of  food  products  imported  to  this  country  has 
been  greatly  improved. 

In  former  years  the  United  States  was  regarded  as  the  dumping 
ground  for  the  refuse  teas  of  the  commerce  of  the  world.  Many  years 
ago,  in  order  to  overcome  this  evil,  a  system  of  inspection  of  imported 
teas  was  established  and  has  since  been  maintained.  Under  the 
beneficent  working  of  this  system  Americans  are  now  certain  of  being 
able  to  purchase  pure  and  wholesome  tea,  since  it  is  almost  impossible 
for  spurious  and  adulterated  teas  to  find  their  way  into  this  country. 
Congress  has  now  extended  this  system  of  inspection  to  all  foods, 
beverages,  and  condiments  imported  into  the  United  States.  There 
is  every  reason  to  believe  that  when  this  system  is  thoroughly  estab- 
lished an  improved  condition  comparable  to  that  which  has  &ken  place 
in  teas  may  oe  anticipated. 

FOOD    STANDARDS. 

Another  important  advance  which  deserves  special  attention  is  that 
relating  to  standards  of  purity  for  food  products.  The  Secretary  of 
Agriculture  has  been  autnorized  by  Congress  to  fix  standards,  and  in 
order  that  they  may  be  just  and  reasonable  he  has  been  authorized  to 
call  to  his  assistance  the  experts  of  the  Association  of  Official  Agri- 
cultural Chemists  and  other  experts,  as  he  may  see  fit,  to  advise  him 
in  regard  to  such  matters.  The  work  of  ascertaining  these  proper 
standards,  in  collaboration  with  the  Association  of  Official  Agricultural 
Chemists,  has  been  committed  to  the  Bureau  of  Chemistry.  Ali^eady 
considerable  progress  has  been  made  along  this  desirable  hue  of  inves- 
tigation and  a  number  of  standards  of  f ooa  products  have  already  been 
fixed  by  proclamation.  It  is  proposed  to  extend  this  useful  work 
until  practically  all  the  substances  used  by  our  citizens  as  foods,  bev- 
erages, and  condiments  shall  have  a  fixed  standard  of  purity  to  which 
all  manufacturers  may  attain  by  proper  care  in  the  preparation  of 
products  of  this  kind. 
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EXPERIMENTS  WITH  BORAX  IN  FOOD. 

The  work  of  the  Bureau  of  Chemistry  in  the  study  of  the  effect 
upon  digestion  and  health  exerted  by  preservatives,  coloring  matter, 
and  other  substances  added  to  food  has  been  continued  in  the  same 
painstaking  and  thorough  manner  as  in  the  preceding  vear.  The 
OTeat  Quantity  of  data  secured  in  this  work  in  relation  to  the  effect  of 
borax  nas  been  compiled  and  is  now  being  published.  These  studies 
of  the  effect  of  borax  have  led  to  certain  aefinite  conclusions  which 
are  of  the  utmost  interest  to  manufacturers  of  food  products  into 
which  borax  has  often  been  introduced,  and  to  the  consuming  public. 

The  effects  of  the  preservatives  upon  the  functions  of  the  body 
have  been  studied  in  detail.  It  is  admitted  that  there  is  a  necessity 
for  mineral  substances  in  the  blood,  as  they  are  essential  to  the  func- 
tional activity  of  the  various  organs  of  the  body,  irrespective  of  any 
part  they  may  take  in  direct  nutrition.  The  necessity,  for  example, 
of  saline  solutions  in  the  blood  is  known  to  every  physiologist,  but  it 
is  evident  that  these  saline  solutions  can  be  derivea  from  materials  of 
common  occurrence  and  naturally  found  in  food  products,  or  usually 
added  thereto  as  condiments,  sucn  as  common  salt. 

At  the  same  time  it  must  not  be  forgotten  that  this  does  not  excuse 
the  introduction  of  other  soluble  bodies  which  have  a  detrimental 
effect  upon  the  functional  activities,  and  the  excretion  of  which  imposes 
an  additional  burden  upon  the  excretory  organs.  For  although  such 
substances  might  not  impair  the  efficiency  of  these  organs  for  a  number 
of  years,  thev  would  finally  produce  a  condition  of  exhaustion  which 
would  be  followed  by  serious  consequences. 

USE  OF  SMALL  QUANTITIBS  AS   PRBSBRVATiyE. 

The  argument  that  small  quantities  of  deleterious  substances  mav 
be  used  without  harm  is  not  logical,  nor  can  it  be  based  upon  the  result 
of  the  experiments  which  have  been  made.  On  the  other  band,  the  log- 
ical conclusion  which  seems  to  follow  from  the  data  at  our  disposal  is  that 
the  use  of  boric  acid  and  equivalent  amounts  of  borax  should  be 
restricted  to  those  cases  where  the  necessity  therefor  is  clearly  mani- 
fest, and  where  it  is  demonstrable  that  other  methods  of  food  pre- 
servation are  not  applicable,  and  that  without  the  use  of  such  a 
Ereservative  the  deleterious  effects  produced  by  the  foods  themselves 
y  reason  of  decomposition  would  be  far  greater  than  could  possibly 
come  from  the  use  of  the  preservative  in  minimum  quantities.  In 
these  cases  it  would  also  follow,  apparently  as  a  matter  of  public 
information,  and  especially  for  the  protection  of  the  young,  sick,  and 
debilitated,  that  each  article  of  food  should  be  plainly  labeled  and 
branded^  so  as  to  show  the  character  and  quantity  of  the  preservative 
employed. 

BFFBCr  UPON   HEALTH   OF  VARYING   AMOUNTS  OF  BORAX. 

The  most  interesting  of  the  observations  which  were  made  during 
the  progress  of  the  experiments  was  in  the  study  of  the  direct  effect 
upon  health  of  boric  acid  and  borax  when  administered  in  food.  When 
boric  acid  or  its  equivalent  in  borax  is  taken  with  the  food  in  small 
quantities,  not  exceeding  half  a  gram  (7i  grains)  a  day,  no  notable 
effects  are  immediately  produced.    The  medical  symptoms  of  the  cases 
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in  long-continued  exhibitions  of  small  doses,  or  in  large  doses  extend- 
ing over  a  shorter  period,  show  in  many  instances  a  manifest  tendency 
to  diminish  the  appetite  and  to  produce  a  feeling  of  fullness  and 
uneasiness  in  the  stomach,  which  in  some  cases  results  in  nausea,  with 
a  very  general  tendency  to  produce  a  sense  of  fullness  in  the  head, 
which  is  often  manifested  as  a  dull  and  persistent  headache.  In  addi- 
tion to  the  uneasiness  produced  in  the  region  of  the  stomach,  there 
appear  in  some  instances  sharp  and  well-located  pains  which,  however, 
are  not  persistent.  Although  the  depression  in  the  weight  of  the  body 
and  some  of  the  Other  symptoms  produced  persist  in  the  after  periods, 
there  is  a  uniform  tendency  manifested  after  the  withdrawal  of  the 
preservative  toward  a  recovery  from  the  unpleasant  sensations  in  the 
stomach  and  head  above  mentioned. 

The  administration  of  boric  acid  to  the  amount  of  4  or  5  grams  per 
day,  or  borax  equivalent  thereto,  continued  for  some  time,  results  in 
most  cases  in  loss  of  appetite  and  inabilitv  to  perform  work  of  any 
kind.  In  many  cases  the  person  becomes  ill  ana  unfit  for  duty.  The 
administration  of  3  grams  per  day  produced  in  many  cases  tne  same 
symptoms,  although  it  appeared  that  a  majority  of  the  men  under  obser- 
vation were  able  to  taKe  3  grams  a  day  for  a  somewhat  protracted 
period  and  still  perform  their  duties.  They  commonly  felt  injurious 
effects  from  the  dose,  however,  and  it  is  certain  that  the  normal  man 
could  not  long  continue  to  receive  3  grams  per  day. 

In  many  cases  the  same  results,  thougn  less  marked,  follow  the 
administration  of  borax  to  the  extent  of  2  grams  and  even  of  1  gram 
per  day,  although  in  some  of  the  cases  studied  the  illness  following  the 
administration  of  borax  and  boric  acid  in  those  proportions  may  be 
explained  by  other  causes,  chiefly  la  grippe. 

The  administration  of  borax  and  boric  acid  to  the  extent  of  one-half 
gram  per  day  yielded  results  markedly  different  from  those  obtained 
with  larger  quantities  of  the  preservatives.  This  experiment,  con- 
ducted as  it  was  for  a  period  of  fifty  days,  was  a  rather  severe  test, 
and  it  appeared  that  in  some  instances  a  somewhat  unfavorable  result 
attended  its  use.  On  the  whole  the  results  show  that  one-half  gram 
per  day  is  too  much  for  the  normal  man  to  receive  regularly.  On 
the  other  hand,  it  is  evident  that  the  normal  man  can  receive  one- 
half  gram  per  day  of  boric  acid,  or  of  borax  expressed  in  terms  of 
borac  acid,  for  a  limited  period  of  time  without  much  danger  of 
impairment  of  health. 

It  is,  of  course,  not  to  be  denied  that  both  borax  and  boric  acid  are 
recognized  as  valuable  remedies  in  medicine.  There  are  certain  diseases 
in  which  these  remedies  are  regularly  prescribed,  both  for  internal  and 
external  use.  The  value  which  they  possess  in  these  cases  does  not 
seem  to  have  any  relation  to  their  use  in  the  healthy  organism  except 
when  properly  prescribed  as  prophylactics.  The  fact  that  any  remedy 
is  useful  in  disease  does  not  appear  to  logically  warrant  its  use  at  any 
other  time. 

It  appears,  therefore,  that  both  boric  acid  and  borax,  when  contin- 
uously administered  in  small  doses  for  a  long  period  or  when  given  in 
large  quantities  for  a  short  period,  create  disturbances  of  appetite,  of 
digestion,  and  of  health. 
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TESTINO  OF  ROAD  MATERIALS. 

The  work  of  the  Road  Material  Laboratory,  now  the  Division  of 
Tests,  has  been  much  broadened  and  its  value  and  importance  increased 
during  the  past  fiscal  year.  The  routine  tests  on  i*oad  materials  are 
carried  on  as  usual,  and  several  of  the  tests  have  been  improved  and 
standardized.  The  importance  of  testing  rocks  to  be  used  in  road 
building  is  being  recognized  at  the  present  time  by  the  leading  high- 
way engineers  of  the  country,  and  a  number  of  laboratories  modeled 
after  the  Department  Road  Material  Laboratory  have  been  established 
in  different  places. 

8TUDT  OF  CLAYS  FOB  ROAD  MAKING. 

Of  the  228  samples  of  road  materials  reported  for  the  past  year,  35 
were  clays.  This  is  mentioned  to  show  the  high  percentage  which 
clay  bears  to  the  whole  number  of  samples  received;  for  it  is  a  fact 
not  generally  recognized  that  in  vast  areas  throughout  the  country 
clay  IS  the  only  material  of  which  roads  can  be  built.  For  this  reason 
much  time  has  been  spent  in  studving  the  physical  properties  of  clays 
in  the  endeavor  to  devise  methods  by  which  they  can  be  utilized  in 
road  niaking.'  It  ma^  be  mentioned  here  that  up  to  the  present  time 
but  one  method  of  using  clay  in  road  building  has  been  known — that  is, 
to  mix  it  in  the  proper  proportion  with  sand.  This  method,  however, 
is  not  always  practicable,  for  in  many  districts  sand  is  difficult  to 
obtain.  Many  of  the  Western  railroads  running  through  areas  of  the 
country  where  rock  ballast  was  impossible  to  obtain  have  been  in  the 
habit  of  burning  or  clinkering  clay  with  open  wood  and  coal-slack 
fires  along  the  line  of  their  roads.  This  clinkered  clay  has  been  suc- 
cessfully used  for  some  time  past  as  a  railroad  ballast. 

Many  inquiries  had  been  received  as  to  methods  of  treating  roads  in 
some  of  the  Western  and  Southwestern  States,  where,  owing  to 
absolute  lack  of  hard  materials  and  to  the  extremely  sticky  nature  of 
the  country  clays,  many  of  the  farmers  were  absolutely  cut  off  from 
the  towns  during  the  wet  portions  of  the  year.  It  was  apparent  that 
if  the  local  clays  could  be  cheaply  burnt  to  a  hard,  dense  clinker  a 
good  road  material  could  be  provided.  Preliminary  to  actual  work 
on  a  large  scale  and  expensive  experiments  on  the  ground,  it  was 
necessary  to  make  laboratory  tests  of  the  clays  to  see  whether  they 
would  burn  to  a  dense,  hard  clinker.  Samples  of  the  well-known 
so-called  gumbo  clay  were  sent  to  the  laboratory  from  the  Yazoo 
district  or  Mississippi.  These  samples  were  experimentally  burned  in 
the  laboratory  of  the  Division,  and  it  seemed  quite  possible  to  use  the 
clt^s  in  the  manner  as  indicated  above.  « 

Following  upon  this  experiment,  the  Office  of  Public  Road  Inquiries 
built  an  experimental  road  in  Yazoo  City  which  has  been  reported 
successful.  It  is  needless  to  point  out  the  great  importance  of  the 
success  of  such  experiments  in  relation  to  road  building  in  localities  in 
which  no  rock  is  to  be  had. 

IMPORT  AND  DOMBBTIG  PRODUCTION  OF  CLAYB. 

Since  it  is  shown  by  many  letters  of  inquiry  that  information  is 
being  sought  by  people  all  over  the  country  on  the  subject  of  testing 
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of  clays  for  the  various  purposes  for  which  they  are  used,  other  than 
road  building,  special  tests  are  now  carried  on  to  that  end.  A  furnace 
has  been  instiled  and  actual  burning  tests  on  clays  are  now  made.  In 
order  to  further  stimulate  interest  m  the  development  of  native  clay 
bodies,  a  special  circular  was  issued  on  ^^The  useful  properties  of 
clays."  The  aim  of  this  circular  was  to  give  information  in  the  sim- 
plest possible  way  to  people  who  were  not  supposed  to  possess  tech- 
nical knowledge  of  clays.  That  the  object  has  been  attained  is  shown 
by  the  increased  correspondence  of  the  Division  on  this  subject.  The 
circular  particularly  points  out  that  for  the  year  1902,  the  last  year 
for  whicn  the  official  figures  are  available,  the  total  imports  of  foreig^n 
clays  to  this  country  were  valued  at  $1,1^4,805,  while  the  domestic 
clays  produced  were  valued  at  $2,061,072.  Since  the  country  pos- 
sesses unusually  fine  clay  bodies,  a  great  many  of  which  up  to  the 
present  time  await  development,  any  stimulation  of  interest  among 
the  people  to  develop  our  native  clays  must  be  of  great  value. 

CEMENTING   POWER  OF  ROAD  MATERIAL. 

The  satisfactory  investigation  of  the  important  property  of  bind- 
ing or  cementing  of  road  materials  when  used  upon  roads  has  been 
continued  and  much  new  evidence  has  been  obtained. 

Under  the  old  rule-of-thumb  methods  of  road  building  one  sort  of 
rock  was  supposed  to  be  as  good  as  another.  Miles  and  miles  of  expen- 
sive roads  have  been  built  m  a  haphazard  way,  of  any  sort  of  material 
that  was  available,  and  many  of  such  roads  have  "  raveled  "  and  gone  to 
pieces  almost  as  rapidly  as  they  could  be  built.  Since  the  establish- 
ment of  the  proper  methods  of  testing  and  investigating  these  mate- 
rials, there  has  been  noticed  a  great  improvement  of  roaos.  The  most 
intelligent  and  progressive  of  the  State  nigh  way  engineers  are  availing 
themselves  of  the  opportunities  extendea  to  them  by  the  Department 
of  Agriculture  for  studying  and  familiarizing  themselves  with  the 
physical  properties  of  the  materials  which  they  are  about  to  use  before 
risfeing  the  public  moneys  in  expensive  work. 

The  hardness  and  toughness  of  a  rock  which  is  going  to  be  used  on 
a  road  are,  as  everyone  knows,  important  properties,  but  the  property 
which  causes  this  rock  under  the  influence  of  traffic  to  bind  or  cement 
together  so  as  to  form  a  smooth,  even,  impervious  shell  on  the  sur- 
face of  a  road  is  even  more  important.  When  the  work  of  the  Road 
Material  Laboratory  first  began  the  importance  of  this  quality  had 
hardly  been  recognized,  and  absolutely  nothing  was  known  as  to  the 
reason  why  one  rock  should  possess  this  property  to  a  very  high 
degree  and  another  of  perhaps  identically  the  same  name  and  species 
should  be  entirely  lackrtig  in  it.  The  closest  investigation  has  been 
given  to  this  subject  and  to  the  collection  of  all  possible  data  and 
information,  not  only  from  the  theoretical  and  laboratory  standpoint, 
but  also  from  a  practical  point  of  view.  It  is  safe  to  say  that  its  sat- 
isfactory solution  has  been  accomplished.  A  bulletin  on  ^ '  The  Cement- 
ing Value  of  Road  Materials"  has  just  been  published,  and  the  publi- 
cation of  more  work  in  the  same  litie  will  follow  shortly. 

A  new  test  for  determining  the  toughness  of  rock  and  asphalt  mix- 
tures for  road  building  was  brought  out  during  the  past  year,  and 
several  new  tests  are  at  present  being  developed. 
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CONCRETE  FOR  FENCE  POSTS,   ROOFS,   ETC. 

On  the  1st  of  last  July  the  Road  Material  Laboratory  was  made  a 
Division,  and  its  name  changed  to  the  Division  of  Tests.  The  object 
of  this  cnange  was  to  establish  in  the  Department  a  laboratory  where 
all  materials  of  construction  relating  to  agriculture  could  be  tested  and 
allied  problems  investigated.  In  pursuance  of  this  change,  several 
lines  of  research  have  been  taken  up.  The  first  problem  selected  was 
to  determine  whether  or  not  a  thoroughlypractical  concrete  fence  post 
reenforced  with  steel  could  be  made  sufficiently  cheap  to  be  used  by 
farmers.  The  advantages  of  such  fence  posts  would  oe  many.  The 
price  of  wood,  particularly  of  the  varieties  used  for  fence  posts,  is 
continually  rising,  and  even  now  the  price  is  almost  prohibitory  in 
some  sections  of  the  country.  Further,  a  properly  constructed  con- 
crete fence  post  would  be  permanent,  as  it  would  neither  rot  nor 
undergo  disintegration.  A  variety  of  methods  of  reenf  orcement  have 
already  been  tried,  and  the  experiments  are  being  pushed  as  rapidly 
as  possible.     The  results  so  far  obtained  have  been  most  satisfactory. 

Experiments  of  a  similar  nature  to  the  above  are  about  to  be  begun 
on  methods  for  making  concrete  drains,  watering  troughs,  roofs,  and 
bams,  with  the  hope  that  concrete  construction,  so  rapidly  developing 
in  the  large  cities,  can  be  applied  with  benefit  to  the  farm. 

The  question  of  the  structure  and  constitution  of  hydraulic  cements 
is  a  matter  of  the  very  greatest  importance.  The  Division  of  Tests 
has  in  preparation  a  paper  which  I  have  good  reason  to  believe  will  be 
accepted  as  the  solution  of  this  much-discussed  question. 

USE   OF  OIL  ON   ROADS.     ^ 

'  Much  interest  has  been  felt  in  different  parts  of  the  country  in  the 
use  of  oil  for  treating  the  surfaces  of  highways,  in  order  to  lay  the 
dust  and  to  offer  a  hard,  impervious,  waterproof  surface.  It  is  well 
known  that  in  California  sucn  treatment  of  roads  has  met  with  a  high 
degree  of  success.  Similar  experiments,  however,  when  carried  out 
in  the  East,  proved  complete  failures;  the  Eastern  oil  failed  to  bind  on 
the  surface  of  the  road,  and  did  not  lead  to  the  desired  result.  When 
it  was  found  that  the  main  difference  between  the  California  natural 
oils  and  the  Eastern  and  Texas  oils  lay  in  the  fact  that  the  California 
oils  contained  an  asphalt  base,  while  the  Eastern  oils  contained  a  petro- 
leum or  vaseline  base,  the  Division  of  Tests  immediately  suggested 
that  the  cause  of  the  failure  of  previous  Eastern  experiment  was 
directly  due  to  this  fact,  and  road  builders  throughout  the  countrv 
were  urged  to  make  experiments  with  mixtures  of  crude  oils  witn 
crude  asphaltum.  Last  summer  the  (Commissioners  of  the  District  of 
Columbia  consented  to  make  such  an  experiment.  A  street  in  Wash- 
ington was  selected  for  the  purpose  and  a  number  of  mixtures  of 
Southern  crude  oil  and  asphaltum  were  spread  in  adjacent  sections.  At 
first  the  experiment  was  looked  upon  as  a  failure,  but  the  road  has 
been  steadily  improving,  and  at  present  there  is  every  promise  of  the 
experiment  proving  a  success.  If  it  proves  true  that  mixtures  of  East- 
em  crude  oil  and  asphaltum  make  as  good  roads  as  the  California  oils 
do,  a  very  great  advance  will  be  made  toward  the  betterment  of  our 
rural  highways. 

SCHOOL  FOR  ROAD  BUILDING. 

One  of  the  chief  lines  of  work  for  this  division  during  the  present 
year  is  the  establishment  of  a  school  of  road  building.     The  object  of 
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this  school  is  to  give  a  one-year  course  in  highway  engineering  and 
the  testing  of  road  materials  to  about  four  young  men  who  Dave 
received  degrees  from  reputable  engineering  schools.  These  students 
are  to  be  selected  by  a  civil-service  exammation.  They  will  devote 
six  months  to  the  study  of  road-building  problems  and  road  materials 
and  six  months  to  field  work,  which  will  consist  of  actual  road  con- 
struction. Men  with  such  training  are  sure  to  be  of  the  greatest 
service  to  the  country,  not  only  in  constructing  highways,  but  in  dis- 
seminating accurate  knowledge  on  highway  construction. 

BXrOEAU  OF  SOILS. 

The  study  of  soils  and  their  management  with  regard  to  their  values 
for  producing  crops  has  been  continued.  The  composition  of  soils 
varies  greatly  in  different  localities  and  in  quite  limited  areas.  Our 
soils  were  nearly  all  fertile  originally,  but  continued  cultivation  has 
in  many  cases  reduced  their  powers  to  grow  crops  as  they  did  when 
first  brought  under  the  plow.  The  best  methods  of  restoring  soils 
that  have  Deen  cultivated  too  long  is  a  pressing  question  not  only  in 
the  older  settled  States,  but  is  insistent  in  most  of  the  newer  lands  of 
the  West  where  wheat  has  been  grown  until  profitable  crops  of  it  are 
no  longer  to  be  had. 

Rotation  of  crops  and  laying  down  in  pastures  to  be  grazed  until  the 
soil  fills  with  roots  is  the  well-known  restorative,  but  soils  vary  greatly 
in  our  several  States  and  are  adapted  to  the  growth  of  special  crops  in 
our  several  latitudes,  so  that  a  general  knowledge  of  their  composition 
is  of  prime  importance  before  the  tiller  can  put  them  to  their  most 
profitable  uses.  Droughts  limit  the  yield  on  soils  that  have  lost  their 
organic  matter  through  continued  cultivation  without  an  adequate 
return  of  fertilizers  in  the  sha{>e  of  decaying  vegetation.  Commercial 
manures  will  not  adequately  remedy  the  evil,  as  they  do  not  return  to 
the  soil  what  enables  it  to  retain  moisture.  Soils  vary  so  much  in 
this  regard,  from  coarse  sand  to  retentive  clay,  that  each  requires  care- 
ful study  to  enable  the  farmer  to  manage  it  to  the  greatest  advantage. 

The  Bureau  of  Soils  is  mapping  our  various  areas  to  the  end  that 
the  residents  on  each  may  as  soon  as  possible  learn  the  peculiarities 
with  which  they  have  to  deal.  This  work  is  comparatively  new.  Its 
value  has  been  overlooked  by  the  educator.  A  force  of  soil  experts  is 
being  trained  in  the  Department  to  help  the  cultivator  to  a  better 
knowledge  of  the  possibilities  of  his  acres  throughout  our  broad  land, 
in  order  that  run-down  lands  may  be  reclaimecTand  that  the  fertility 
of  our  newer  lands  may  be  maintained  to  meet  the  requirements  of  a 
rapidly  increasing  population. 

We  are  bringing  plants  from  all  foreign  countries  to  diversify  our 
industries  and  enaole  our  husbandmen  to  grow  what  has  been  and 
still  is  costing  us  large  amounts  of  money.  A  knowledge  of  the  char- 
acter of  the  soils  from  which  they  come  and  on  which  tney  have  been 
developed  is  imperative,  and  suggests  to  us  the  wisdom  of  becoming 
familiar  with  the  soils  as  well  as  the  climates  to  which  we  introduce 
them,  if  we  are  to  maintain  them  here  in  their  excellence  or  improve 
them,  giving  them  better  conditions  than  they  had  in  the  countries 
where  we  found  them.  Within  the  limits  of  our  climates  and  soils  we 
hope  to  improve  everything  we  import  through  a  superior  aggrega- 
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tion  of  scientists  who  are  making  research  into  ail  the  conditions  of 
plant  life,  the  soil  being  of  greatest  importance. 


PROGRESS  OF  THE   SOIL   SURVEY. 


The  area  surveyed  and  mapped  during  the  fiscal  year  was  29,058 
square  miles,  or  18,597,120  acres.  The  area  surveyed  during  the  pre- 
ceding fiscal  year  was  23,293  square  miles,  which,  together  with  the 
work  done  prior  to  that  time,  makes  a  total  area  surveyed  up  to  that 
date  of  74,795  square  miles,  or  47,868,800  acres. 

The  work  was  carried  on  during  the  past  year  in  68  areas  in  33 
States.  On  an  average  20  parties  have  oeen  working  continuously 
throughout  the  year,  m  the  Southern  States  during  the  fall  and  win- 
ter and  in  the  Northern  States  during  the  spring  and  summer  months. 

The  areas  surveyed  and  the  cost  of  the  work  in  each  area  are  shown 
in  the  following  table: 

Areas  surveyed  and  mapped  during  fiscal  year  ended  June  SO^  1904,  and  the  areas  previ- 
ously reported. 


state  or  Territory. 


Alabama. . . . 

Arizona 

Arkansas 

California... 

Colorado 

Connecticut. 
Delaware  ... 

Florida 

Georgia 

Idaho 

minoiB 

Indiana 

Iowa 


Kansas 

Kentucky 

Iiouisiana 

Maryland 

Massachusetts  . 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

New  Jersey 

New  Mexico... 

New  York 

North  Carolina 
North  Dakota.. 

Ohio 

Oregon 

Pennsylvania . . 

Porto  Rico 

Rhode  Island . . 
South  Carolina. 


Work 

during 

1901. 


Sq.  miles. 
2,396 


626 

1,679 

228 


314 

486 

853 

58 

2,333 
889 

1,287 

QQO 


1,446 

29 

886 

617 


1,352 
1,111 


1,195 


986 

687 

386 

1,400 

60 


500 
1,160 


Work  pre- 
viously 
reported. 


Total  area  surveyed. 


648 
757 

1,077 

8,692 
887 

1,016 
464 
837 
942 

2,684 
410 
858 
233 

1,817 
919 
107 


1,808 

129 
1,558 
4,646 

856 
1,865 

886 
1.204 

830 


Sq.  miles. 

1,223 

611 

251 

8,921 

1,345 

518 


2,032 


Sq.  miles. 

Acres. 

8,619 

2,316,160 

611 

891,040 

877 

561,280 

5,600 

8,684,000 

1,573 

l,006,r20 

518 

331,620 

314 

200,960 

1,083 

661,120 

1,610 

1,030,400 

1,135 

726.400 

5,925 

3,792,000 

1,276 

816,640 

2,303 

1,473,920 

1,463 

936,320 

887 

535,680 

2,388 

1,528,320 

2,663 

1,704,320 

796 

509,440 

1,376 

880,000 

233 

149, 120 

2,669 

1,708,160 

2,030 

1,299,200 

107 

68,480 

1,195 

764.800 

1,803 

833,920 

129 

82.560 

2,544 

1,628,160 

5,883 

8.413,120 

1,242 

7W,880 

2,755 

1,763,200 

446 

285,440 

1,204 

770,560 

380 

211,200 

500 

820.000 

3.191 

2,042,240 

60 
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Areas  surveyed  and  mapped  during  fiscal  year  ended  June  SO,  1904,  and  the  areas  preeir 

ouHy  reported — Continued. 


state  or  Territory. 


South  Dakota . 

Tenne&«ee 

Texas., 

Utah 

Vermont 

Virginia 

Washington  .. 
Weat  Virginia. 

Wisconsin 

Wyoming 


Total. 


Work 

dnrlng 

1904. 


8q.  miles. 


1,696 

2,564 

806 

227 

656 


39 
309 


29,068 


Work  pre- 
viously 
reported. 


Sq.  mUes. 

485 

647 

1,788 

994 


2,747 
510 


965 


45,787 


Total  area  sarveyed. 


Sq.  mites. 

485 
2,143 
4,297 
1,800 

227 
3,408 

510 
89 

965 

809 


74,795 


Acftt. 

310, 40C 

1.371,fiai 

2,7SO,0a 

882,000 

145.380 

2,177,920 

826,400 

24.900 

611,200 

197,760 


47,868,800 


RECAPITULATION. 

Cost  of  field  work f64,2S&38 

Supplies I,46il8 

Traveling  expenses  between  areas 4,115.56 

Other  expenses 2,780.32 


Total  cost  of  soil  survey. 
Paid  by  State oiganizations... 


72.601.41 
2,377.57 


Paid  by  Department  of  Agriculture 70,223.84 

Area  surveyed square  miles. 

Cost  of  work  in  field  per  square  mile 

TrauMportatlon,  supplies,  and  other  expenses,  per  square  mile 

Average  tola  1  cost  per  square  mile 

Average  eoi't  to  Department  of  Agriculture  per  square  mile 


The  cost  of  the  work  in  the  field  has  increased  from  $2.19  per  square 
mile,  reported  last  year,  to  $2.21  per  square  mile  during  the  year  just 
closed;  while  the  average  cost  of  tne  work  to  the  DeTOrtment  of  Agri- 
culture,  including  all  transportation,  supplies,  and  office  expenses,  oas 
decreased  from  $2.63  per  square  mile,  reported  last  year,  to  $2.42  per 
square  mile  during  the  year  just  ended. 

There  has  been  a  continued  demand  for  this  soil-survey  work,  and 
there  are  on  file  demands  for  about  two  years'  work  yet  unfilled,  while 
requests  continue  to  come  in  which  can  not  be  immediately  considered. 

There  has  been  a  stead  v  demand  from  colleges,  experiment  stations, 
and  private  enterprises  for  men  trained  in  this  soil-survey  work,  ana 
during  the  past  year  several  men  have  left  this  Bureau  to  accept  more 
lucrative  positions  elsewhere. 

PUBLICATION  OF  THE   REPORTS  AND   MAPS. 

At  the  last  session  of  Congress  provision  was  made  to  print  in  the 
form  of  ''advance  sheets"  the  several  reports  as  they  are  prepared— 
500  copies  for  the  use  of  each  Senator  from  the  State,  2,000  copies  for 
the  use  of  each  Representative  of  the  Congressional  district  or  aistricts 
in  which  the  survey  is  made,  and  1,000  copies  for  the  use  of  the  Depart- 
ment of  Agriculture.  Although  this  act  was  passed  too  late  to  mate- 
rially influence  the  printing  of  the  report  of  the  work  for  the  field  sea- 
son of  1903,  it  will  very  greatly  facilitate  the  distribution  of  the  report 
and  is  proving  a  very  aofvantageous  way  for  the  printing  and  distnbn- 
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tion  oi  the  report  of  the  work  for  the  field  season  of  1904,  the  manu- 
script of  the  first  reports  of  which  have  already  gone  to  the  Public 
Printer. 

ALKALI-LAND  RECLAMATION. 

In  my  last  report  attention  was  directed  to  the  important  results 
obtained  in  the  reclamation  of  alkali  soils  by  underdrainage  and  surface 
flooding.  This  work  was  undertaken  as  an  object  lesson  to  farmers  in 
those  irrigated  districts  of  the  West  where  any  considerable  trouble 
had  been  experienced  with  the  rise  of  alkali  and  the  consequent  depre- 
ciation in  the  value  of  the  land.  The  results  of  the  past  year  have 
again  proved  the  wisdom  of  inaugurating  these  demonstration  exneri- 
ments  in  alkali  reclamation.  Great  interest  in  the  work  has  oeen 
aroused  on  eveiy  side,  and  frequent  inquiries  have  been  received  from 
farmers  owning  alkali  land  askmg  instructions  as  to  the  best  methods 
to  prevent  the  further  deterioration  of  their  lands  and  advice  as  to  the 
reclamation  of  tracts  now  partly  or  wholly  unproductive. 

On  the  reclamation  tracts  established  during  1902-3  much  progress 
has  been  made  during  the  past  year,  and  indications  point  to  the  com- 

Elete  reclamation  of  the  lands  under  experimentation  at  an  early  date, 
^n  the  40-acre  Swan  tract,  near  Salt  Lake  City,  the  results  have  been 
especially  gratifying.  At  the  inception  of  the  work  there,  in  Septem- 
ber, 1902,  a  detailea  soil  survey  showed  the  first  4  feet  of  soil  over  the 
40  acres  to  contain  more  than  6,650  tons  of  soluble  salts  (alkali).  In 
May,  1903,  there  had  been  removed  in  the  drainage  water,  by  actual 
measurement,  nearly  60  per  cent  of  this  immense  total,  and  in  the 
October  following  the  proportion  removed  had  reached  82  per  cent, 
thus  leasring  only  1,221  tons  of  the  original  6,650  tons  still  in  tne  4:-foot 
section  of  the  entire  tract.  The  greater  part  of  the  salt  originally  in 
the  surface  foot  had  been  removed,  while  even  the  fourth  foot  had  lost 
69  per  cent  of  the  alkali  originally  present. 

In  the  spring  of  1904  this  tract  was  sowed  to  oats,  barley,  and  wheat, 
as  it  was  believed  to  be  sufficiently  sweetened  for  shallow-rooted  crops. 
The  land  was  not  in  the  best  condition  for  seeding.  Nevertheless,  on 
many  of  the  checks  90  per  cent  of  a  stand  was  secured,  and  on  all 
checks  but  little  evidence  of  alkali  was  observed.  The  flooding  proc- 
ess was  resumed  on  those  checks  having  the  poorest  crop  prospects, 
and  will  be  continued  on  all  the  tract  after  harvest,  and  by  next  spring 
it  is  expected  that  reclamation  will  have  progressed  to  such  an  extent 
that  the  deep-rooted  alfalfa  can  be  grown,  when  the  land  will  be  returned 
to  the  owner.  The  growing  of  the  crops  of  the  present  year  and  the 
seeding  of  the  land  to  alfalfa  are  under  the  control  of  the  Utah  experi- 
ment station  in  cooperation  with  the  Department. 

The  progress  of  a  similar  work  on  a  20-acre  tract  at  Fresno,  Cal., 
has  been  no  less  gratifying  than  that  at  Salt  Lake  City.  The  problem 
here  as  regards  the  drainage  was  more  difficult,  as  the  water  had  to 
be  removed  by  pumping,  while  the  soil  was  fine  and  silty  and  clogged 
the  drain  pipes.  Tnese  difficulties  have  been  surmounted,  however, 
and  within  a  year  it  has  been  possible  to  grow  crops  of  alfalfa  ana 
wheat  on  a  considerable  part  oi  the  20  acres  under  experiment.  The 
Fresno  work  I  deem  particularly  important,  as  it  is  situated  in  a 
wealthy  district,  where  lar^e  areas  of  once  productive  land  have  been 
abandoned  because  of  the  rise  of  alkali  and  the  swamping  of  areas  by 
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seepage  water  from  the  excessive  irrigation  of  higher  lying  lands  and 
from  the  canals. 

In  theGervais  tract,  situated  3  miles  from  North  Yakima,  Wash., 
it  is  estimated  that  flooding  from  July  to  November,  1903,  washed 
approximately  70  per  cent  of  the  total  salts  out  of  the  soil  to  a  depth 
or  4  feet.  Here,  as  in  the  Fresno  area,  much  valuable  land  has  been 
ruined  by  seepage  water  and  the  rise  of  black  alkali.  Flooding  of 
this  tract  was  resumed  in  1904,  and  it  is  expected  that  reclamation 
will  have  progressed  to  such  an  extent  that  crops  can  be  grown  in  the 
coming  season. 

A  more  recent  experiment  has  been  instituted  at  Tempe,  Ariz., 
where  the  installation  of  the  drains  was  completed  in  February,  1904. 
An  unprecedentedly  dry  season  and  a  consequent  lack  of  water  have 
prevented  much  progress  in  the  work  at  this  point. 

Another  tract  has  oeen  taken  up  for  reclamation  work  near  Billings, 
Mont.     This  tract  is  situated  in  tne  Yellowstone  River  Valley,  where 

S'eat  progress  has  been  made  in  growing  alfalfa  as  a  winter  feed  for 
e  cattle  and  sheep  that  pasture  on  the  adjoining  mountain  ranges 
during  the  summer.  Shortly  after  irrigation  began  in  this  district 
alkali  began  to  appear  and  the  ground  water  rose  rapidly,  waterlog- 
ging wide  areas  of  the  land  to  such  an  extent  that  its  cultivation  had  to 
be  discontinued.  An  examination  of  certain  parts  of  the  valley,  made 
by  the  Bureau  of  Soils  in  1897  and  1898.  snowed  the  extent  of  the 
damage,  and  when,  in  1902,  a  detailed  soil  survey  was  made  around 
Billings  it  was  found  the  trouble  had  greatly  increased  and  intensified. 
Even  in  the  two  years  that  have  elapsed  smce  the  survey  was  made, 
many  fine  alfalfa  fields  have  been  abandoned  and  now  are  heavily 
incrusted  alkali  flats.  The  farmers  here  are  fully  alive  to  the  serious- 
ness of  the  situation,  but  seem  unable  to  cope  with  the  problem. 

Many  tracts  of  land  were  offered  the  Department  for  the  purpose 
of  experiment,  and  a  number  of  farmers  have  indicated  their  intention 
to  undertake  similar  work  themselves,  showing  the  interest  taken  in 
the  work.  This,  however,  has  not  proceeded  far  enough  to  permit  a 
full  report  at  this  time.  I  have,  however,  the  fullest  confidence  in  the 
final  success  of  the  undertaking,  as  well  as  a  firm  belief  that  it  will 
lead  to  individual  or  concerted  action  on  the  part  of  those  of  our  citi- 
zens most  interested,  with  the  result  that  both  the  agricultural  and 
stock-raising  interest^  of  this  part  of  the  country  will  be  greatly 
benefited. 

It  seems,  then,  that  within  three  years,  at  most,  practically  worth- 
less land,  so  heavily  charged  with  injurious  salts  as  to  be  unfit  for  any 
form  of  agriculture,  may  oe  reclaimed  to  grow  any  ordinary  field  crop; 
that  the  method  of  doing  this  is  simple;  and  that  the  expense  involved 
is  such  that  the  work  may  in  many  instances  be  economically  under- 
taken by  individual,  corporate,  or  State  initiative.  Taking  the  Utah 
tract  for  example,  the  land  reclaimed  has  increased  from  a  purely 
nominal  value  to  an  actual  value,  judged  by  the  value  of  surrounding 
unaffected  lands,  of  $250  to  $300  an  acre.  The  total  expense  of  recla- 
mation, taking  everything  into  consideration,  is  but  a  small  fraction 
of  this  enhanced  value. 

TOBAOOO  INVESTIGATIONS. 

In  the  line  of  tobacco  investigations  carried  on  by  the  Bureau  of 
Soils  the  most  important  work  auring  the  past  fiscal  year  has  been  the 


BEPOBT   OF   THE    SEOBETABY   OF   AOBICULTUBE.  63 

experimental  growing  of  Cuban  seed  tobacco  on  certain  soils  in  Texas, 
Alabama,  and  South  Carolina.  This  work  was  begun  in  July,  1903,  in 
cooperation  with  leading  farmers  in  the  several  States.  Thirteen  acres 
were  planted  in  Texas,  3  in  Alabama,  and  3  in  South  Carolina.  The 
success  of  this  first  trial  led  to  further  plantings  by  the  Department 
in  1904,  when  trial  tracts  were  established  at  Nacogdoches,  Crockett, 
and  Giddings,  in  Texas,  a  total  of  12  acres  being  planted.  One 
tract  in  Perry  County,  Ala.,  and  one  in  Orange  County,  S.  C,  were 
established,  each  with  3  acres  in  tobacco.     Samples  of  the  tobaccos 

frown  in  1903  were  submitted  to  the  trade,  and  the  opinion  is  that  the 
exas  leaf  has  considerable  merit,  both  in  regard  to  navor  and  aroma, 
and  some  have  pronounced  it  to  be  superior  to  any  filler  yet  grown  in 
this  country.  The  Alabama  filler  leaf  is  considered  fair,  but  not 
equal  to  the"  Texas  leaf,  while  the  filler  grown  in  South  Carolina  does 
not  meet  with  as  much  favor  as  that  grown  in  the  two  States  already 
mentioned. 

The  commercial  value  placed  upon  this  leaf  by  different  tobacco 
brokers  varies  considerably,  ranging  from  18  to  40  cents  a  pound. 

Some  bales  of  Texas  leat  have  l)een  disposed  of  at  the  higner  figure. 
Final  judgment  of  the  success  of  this  venture  must  be  postponed  until 
further  advices  are  received  from  the  dealers  and  manufacturers  to 
whom  working  samples  have  been  submitted. 

GROWING    AND   CURING   CIGAR  TOBACCOS   IN   OHIO. 

Experiments  in  growing  the  Cuban  t3^pe  of  filler  have  also  been  car- 
ried on  on  a  10-acre  tract  m  Ohio.  Owing  to  the  heavy  nature  of  the 
leaf  it  is  impossible  to  judge  of  its  aroma  at  present.  The  tobacco  of 
this  type  raised  in  the  preceding  year  is  only  just  ready  for  the  man- 
ufacturer. The  aroma  has  been  pronounced  good,  but  it  is  believed 
that  the  leaf  is  too  heavy  for  the  taste  of  the  general  public  and  the 
aim  this  year  is  to  try  to  produce  a  somewhat  lighter  leai.  The  results 
of  these  experiments  in  growing  Cuban  filler  leaf  seem  to  warrant  a 
continuation  of  the  experiment  in  the  Southern  States  and  possiblj^ 
in  Ohio  for  the  succeeding  year  upon  somewhat  broader  lines;  and  it 
is  hoped  that  through  the  efforts  of  the  Bureau  of  Soils  an  extension 
of  the  domestic  filler  leaf  interests  may  be  accomplished. 

By  far  the  most  important  work  in  Ohio,  however,  has  been  the 
furtner  introduction  of  the  bulk  method  of  fermenting  cigar  tobaccos. 
This  work  was  begun  in  1902,  when  655,200  pounds  were  fermented.. 
In  1908,  4,204,800  pounds  were  fermented,  and  in  1904  the  quantity 
was  increased  to  10,208,000  pounds,  distributed  among  the  several 
types  of  tobacco  as  follows:  Zimmer  Spanish,  5,850,000  pounds:  Lit- 
tle Dutch,  582,000  pounds,  and  seed  leaf,  3,776,000  pounds.  As  the 
work  of  the  Department  there  is  simply  supervisory,  and  entails  the 
cooperation  of  the  warehousemen,  this  great  increase  evidences  the 
remarkable  interest  that  this  change  in  the  methods  of  handling 
tobacco  has  to  the  grower  and  the  tobacco  dealer.  Its  use  not  only 
avoids  great  loss  formerly  suffered  from  fungous  growth  in  the  case- 
fermented  tobaccos,  but  also  tends  to  improve  the  grades  of  tobacco 
and  therefore  increase  the  profits  both  to  the  grower  and  the  handler. 

WRAPPER  LEAP  IN  CONNECTICUT. 

The  experiments  in  the  production  of  a  wrapper  leaf  in  the  Connec- 
ticut Valfey  have  been  continued  during  the  last  year.     In  the  begin- 
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nin^  of  these  experiments  in  1900,  work  was  undertaken  in  cooperation 
with  the  Connecticut  experiment  station  at  Poquonock,  on  one-third 
of  an  acre  of  land.  The  tobacco  ^rown  on  this  small  plot  was  submit- 
ted to  leading  leaf  dealers  and  brokers  in  New  York  for  their  opinion. 
On  their  juajprment,  which  was  very  favorable,  the  Department  felt 

I'ustified  in  conducting  further  work  in  Cionnecticut  upon  a  considera- 
bly larger  scale.  In  1901,  therefore,  40  acres  were  planted,  this  time 
in  cooperation  with  leading  tobacco  growers  in  tne  valley.  This 
tobacco  was  of  satisfactory  quality  and  was  sold  at  Hartford,  and 
although  it  had  been  grown  under  very  unsatisfactory  climatic  condi- 
tions a  very  good  price  was  obtained  at  the  sale.  In  1902  a  larger 
acreage  was  planted  bv  the  Connecticut  farmers;  and  leaf  dealers  of 
New  York — men  who  had  spent  their  lives  in  the  tolMicco  trade  and 
who  were  everywhere  recognized  as  good  judges  of  tobacco — invested 
money  in  the  production  of  shade-grown  tobacco,  not  upon  the  reports 
of  the  Bureau  of  Soils,  but  on  their  own  judgment  of  the  satisfactory 
character  of  the  leaf. 

Owing  to  unfavorable  climatic  and  adverse  trade  conditions,  which 
were  entirely  beyond  the  control  of  the  grower,  the  tobacco  pro- 
duced during  that  season  failed,  to  a  certain  extent,  to  meet  the 
demands  of  the  manufacturers.  The  climatic  conditions  in  1903 
were  very  similar  to  those  in  1902 — that  is,  they  were  unfavorable  to 
the  production  of  a  wrapper  leaf  of  the  very"  best  grade,  and  there 
was  not  so  laree  a  demana  for  this  tobacco  as  was  expectea.  In  1903 
the  Bureau  had  practically  ceased  its  work  in  Connecticut;  but  in  1904, 
still  having  confidence  in  the  opinion  of  the  tmde,  and  believing  that 
the  method  of  growing  tobacco  for  wrappers  under  shade  is  correct,  it 
has  conducted  an  experiment  at  TariflFvule,  Conn.,  where  a  crop  has 
been  produced  on  a  4-acre  plat.  Owing  to  the  recent  tendency  on  the 
part  of  the  trade  to  wrap  tne  better  grades  of  cigars  with  the  Cuban 
rather  than  with  the  Sumatra  style  of  leaf,  1  acre  of  this  plat  was 
planted  to  Cuban  seed  tobacco. 

Tobacco  of  this  tj^pe  grown  under  shade  in  Connecticut  was  exhib- 
ited by  the  Department  at  the  Louisiana  Purchase  Exposition  at  St 
Louis,  and  to  it  was  awarded  the  grand  prize  as  being  a  leaf  of  the 
highest  standard  of  excellence  for  cigar  wrappers. 

In  connection  with  this  matter  of  the  producing  of  shade-grown 
wrapper  in  Connecticut,  the  Bureau  of  Soils  has  been  making  an  in- 
vestigation as  to  the  demands  of  the  market  for  the  Cuban  t\'pe  of  leaf 
and  as  to  the  practicability  of  building  up  a  demand  for  Oonnecticut 
shade-grown  tobacco  of  this  type.  Recent  sales  of  this  tobacco  have 
been  made,  principally  in  New  York  and  Philadelphia,  and  the  follow- 
ing table  shows  the  distribution  of  nearly  800  bales  of  such  tobacco 
and  the  average  price  per  pound  of  the  lots  as  sold:  - 

Prices  received  for  Connecticut  shade-grown  tobacco. 


For  domestic  use,  134  bales: 

Bales,  17 per  pound..  $1.75 

24 do 1.50 

3 do....  1.45 

3 do....  1.40 

4  .............do....  1.35 

Du  .............  do ....  I .  Zo 

1 do 1.00 

1  .............  do ....  .  / o 


For  domestic  use,  134  bales— Continued. 


Bales,  16 per  pound.. 

For  export,  144  bales: 

Bales,  14  ............ do... 

Tops,  104  bales: 

Bales,  90 do... 

14 ........do... 


$0.62} 
.35 

.70 

.32} 

.30 

.10 
.08 
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This  table  shows  that  134  hales  have  been  sold  for  domestic  use  at  an 
average  price  of  $1.26  i^j^  per  pound,  the  highest  price  being  $1.75  per 
pouna  for  light  wrappers,  and  the  lowest  price  35  cents  per  pound  for 
short-sized  second-quality  leaf.  The  144  bales  sold  for  export,  at  an 
average  price  of  $0.34^^,  consisted  of  tobacco  of  a  auality  not  suited 
to  the  home  market,  principally  of  sand  leaves  and  snort-sized,  flimsy 
tobacco.  Nearly  all  of  this  tobacco  was  shipped  to  the  German  mar- 
ket. The  104  bales,  sold  at  an  average  price  of  S0.09^''o,  consisted  of 
short  top  leaves,  the  tobacco  having  no  wrapper  qualit}',  and  being 
useful  only  as  an  inferior  filler. 

The  tobacco  experts  of  the  Bureau  of  Soils  see  no  reason  to  change 
their  belief  that  the  method  of  growing  tobacco  under  shade  in  the 
Connecticut  Valley  will  produce  a  wrapper  leaf  of  great  excellence, 
which  can  be  economically  used  by  the  trade,  and  it  would  seem  that 
the  industry  should  be  established  upon  a  commercial  scale. 

IMPROYIN'Ci    EXPORT   TOBACCOS. 

Up  to  the  beginning  of  last  j^ear  the  tobacco  work  of  the  Bureau  of 
Soils  has  been  along  the  lines  of  improving  the  methods  of  culture  and 
handling  of  the  cigar  tobaccos,  but  this  year  considerable  demand  has 
been  made  upon  the  Bureau  to  assist  the  growers  of  the  heavy  export 
types  of  tobacco.  The  low  percentage  of  tobacco  suitable  for  plug 
wrappers,  and  the  poor  price  obtained  by  the  majority  of  growers, 
have  led  the  Bureau  to  make  investigations  into  the  production  of  this 
tvpe  of  tobacco,  the  object  being  to  see  if  both  the  yield  per  acre  and 
the  percentage  of  the  higher  grades  could  be  increascci.  A  5-acre 
experimental  plot  in  Appomattox  County,  Va.,  was  selected  for  study- 
ing the  problem.  In  this  section  the  finest  plug  wrappers  are  grown, 
and  the  work  would  also  be  carried  on  close  to  the  Richmond  and 
Lynchburg  markets.  It  is  the  plan  of  these  experiments  to  grow  the 
tobacco  with  different  fertilizers  and  under  different  methoos  of  cul- 
ture, to  see  which  will  give  the  best  financial  results  to  the  grower. 
It  is  the  intention  of  the  Bureau  to  extend  this  work  in  the  future  to 
other  districts  producing  the  shipping  tvpes  of  tobacco.  It  is  yet  too 
earh^  to  give  the  results  of  the  present  season's  work. 

BXTBEAU  OF  ENTOMOLOGT. 

Insect  pests  cause  a  loss  to  the  staple  crops  of  the  United  States 
estimated  at  some  $500,000,000  annually.  The  main  object  of  the  Bureau 
of  Entomology  is  to  make  thorough  studies  of  the  insects  responsible 
for  these  losses  and  to  apply  the  information  gained  to  limiting  or  pre- 
venting them.  The  Mexican  cotton  boll  weevil  represents  the  most 
imporSint  field  of  work  of  this  Bureau  during  the  last  few  j^ears,  but 
the  insect  enemies  of  the  cereals,  fruits,  and  other  staple  productions 
have  been  the  subject  of  careful  studv  and  experimental  work.  The 
results  of  this  work  have  been  notably  successful,  particularly  in  the 
case  of  the  boll  weevil  and  the  boUworm. 

THE   MEXICAN   COTTON   BOLL  WEEVIL. 

Congress  originally  provided  $30,000  for  the  continuation  of  the 
investigation  of  the  boll  weevil  and  the  bollworm  for  the  fiscal  year. 

12598—04 5 
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DKM0N8TRATI0N'   FARMS. 

Under  this  appropriation  seven  experimental  farms  were  organized 
in  Texas,  located  at  Victoria,  Wharton,  Austin,  San  Antonio,  Oalveit, 
WilLspoint,  and  Hetty,  all  together  aggregating  558  acres  of  cotton. 
The  seven  localities  represented  tj'pical  variations  in  soil  and  climatic 
conditions  of  Texas,  and  enabled  the  Department  to  test  various  meth- 
ods of  controlling  the  1k)11  weevil  under  different  conditions.  They 
included  bottom  lands,  dry  upland  subject  to  irrigation,  the  black 
prairie  land  of  Austin,  and  the  soils  of  river  valleys  where  the  pres- 
ence of  timber  and  moist  climate  and  almost  exclusive  production  of 
cotton  renders  the  weevil  problem  more  serious  than  elsewhere.  Other 
farms  were  on  the  high,  rolling  prairie  land  and  river  bottoms  of  the 
northern  part  of  the  State. 

The  minute  investigation  of  the  life  historv  of  the  weevil,  upon  the 
knowledge  of  which  any  system  of  control  of  the  pest  and  any  modifi- 
cation of  the  present  cultural  svstem  must  naturally  be  based,  was 
continued  at  the  laboratory'  at  Victoria.  In  the  experimental  fields 
attached  to  this  laboratory  also  were  tested  poisons  and  machines. 
An  expert  assistant  carried  on  a  study  of  the  weevil  in  Cuba,  one  of 
its  native  regions,  with  the  hope  of  finding  some  effective  parasite  or 
some  variety  of  cotton  especiail  v  resistant  to  its  attacks. 

The  exact  spread  of  the  boll  weevil  into  new  cotton  regions  was 
determined,  and  a  special  investigation  of  the  usefulness  of  birds  in 
controlling  the  weevil  was  instituted.  The  result  of  the  work  of  the 
season  of  1003  is  summarized  in  three  important  publications  issued 
b}'^  the  Bureau. 

Under  the  provisions  of  the  special  appropriation  of  |250,000  made 
available  January  15, 1904r,  it  was  possible  to  greatly  enlarge  the  work. 

The  number  or  experimental  or  demonstration  farms  was  increased 
to  thirteen  for  the  season  of  1904,  aggregating  1,077  acres.  During 
the  previous  season  in  not  one  of  the  seven  experimental  farms  then 
under  opei'ation  did  the  crop  fall  appreciablj'  below  the  average  pro- 
duction in  the  United  States  before  the  weevil  came  into  Texas, 
namch'',  about  half  a  bale  to  the  acre.  The  cultural  S3'stem  which  these 
farms  were  designed  to  illustrate  has  so  far  proved  to  be  the  only 
practicable  means  of  controlling  the  boll  weevil,  and  the  work  of  past 
years  has  demonstrated  its  general  success  and  feasibility.  It  is  the 
outgrowth  of  several  years  of  field  experiments  conducted  by  the 
Bureau  of  Entoraolojjy  in  Texas.  The  cotton  on  these  farms  is  planted 
imder  a  contract  which  gives  the  Department  complete  control  of  the 
culture  of  the  crop. 

SCIENTIFIC   .VXD    LABORATORY    WORK. 

In  addition  to  the  conduct  of  these  demonstration  farms,  the  more 
purely  scientific  and  laboratory  work  relating  to  the  study  of  details 
of  the  life  history  of  the  weevil  and  of  the  possibility  of  artificial 
propagation  of  parasites  has  been  increased.  Special  work  has  been 
done  m  the  attempt  to  eradicate  isolated  colonies,  to  control  the  dan- 
ger of  dissemination  of  the  weevil  by  the  gins  and  gin  products,  notably 
cotton  seed,  and  the  perfecting  of  quarantine  plans  to  check  or  prevent 
the  spread  of  the  weevil  from  Texas  to  other  cotton-growing  l^tes. 
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COOPERATION"    WITH    THE   LOUISIANA    BOLL    WEEVIL   COMMISSION*. 

• 

The  weevil  having  ah'ead}'  crossed  the  line  into  Louisiana,  the  Bureau 
of  Entomology  has  been  doing  cooperative  work  with  the  Louisiana 
boll  weevil  commission  in  eraaicating  colonies  in  Louisiana  and  pre- 
venting its  further.spread  into  that  State,  with  the  idea  of  protecting 
not  only  Louisiana  but  the  more  eastern  cotton  regions.  The  work  of 
this  year  has  been  most  successful  so  far  as  the  experimental  farms 
and  other  work  in  Texas  are  concerned.  It  has  proved  impossible  to 
exterminate  the  weevil  in  Louisiana,  its  distribution  in  the  western 
counties  of  that  State  having  become  already  too  wide.  Nevertheless 
its  spread  has  been  very  greatly  checked,  and  by  proper  quarantine 
and  exterminative  work  its  eastern  progress  can  be  very  much  delayed. 

COLONIZATIOX    OF    THE    GTATEMALAN'    ANT. 

The  Guatemalan  ant,  which  was  discovered  by  Mr.  O.  F.  Cook, 
botanist  in  charge  of  investigations  in  tropical  agriculture  of  the 
Bureau  of  Plant  Industry,  and  which  seems  to  be  a  very  efficient 
enemy  of  the  cotton-boll  weevil  in  Guatemala,  has  been  the  subject  of 
careful  experimental  work,  begun  under  the  Bureau  of  Plant  Industry 
and  afterwards  transferred  to  this  office,  but  remaining  under  the 
charge  of  Mr.  Cook.  This  ant,  determined  by  experts  of  the  Bureau 
of  Entomology  as  Ectatomma  tuhet^culatum^  is  a  tropical  species  of 
luther  wide  distribution  throughout  Central  America  and  northern 
South  America.  Its  specific  habits  were  unknown  prior  to  its  dis- 
covery in  Guatemala,  but  in  this  region,  according  to  Mr.  Cook,  it 
seems  to  be  an  important  natuml  enemy  of  the  boll  weevil.  Nearly  a 
hundred  colonies  of  this  ant,  representing  some  4,000  individuals, 
were  conveyed  to  Texas,  and  have  during  the  summer  been  placed  at 
different  points,  and  are  being  made  the  subject  of  careful  study  to 
determine  whether  this  ant  offers  any  hope  of  control  to  any  extent  of 
the  boll  weevil  under  the  climatic  conditions  of  Texas.  The  practical 
results  of  this  importation  can  not  now  be  foretold.  The  ant  has, 
however,  maintained  itaelf  during  the  summer,  which  is  a  feature  of 
distinct  encouragement. 

THE    BOLL    WEEVIL   STILL   A    MENACE. 

The  future  work  against  the  boll  weevil  in  Texas  and  other  Southern 
States  will  depend  upon  the  action  of  Congress.  The  National  menace 
still  exists.  The  cotton  planters  of  Texas  have  not  all  become  con- 
vinced of  the  benefit  to  bo  deriv'ed  by  following  the  advice  which  the 
Bureau  is  enabled  already  to  give,  based  upon  its  investigations  of  the 
past  ten  years,  and  therefore  further  investigation  and  further  demon- 
stration work  seem  to  be  necessary.  Moreover,  the  imminent  danger 
of  the  spread  of  the  weevil  to  other  cotton  States  indicates  the  neces- 
sity that  the  General  Government  should  keep  a  force  of  men  in  the 
field  to  prove  to  the  entire  satisfaction  of  the  planters  the  value  of  its 
advice,  to  continue  the  study  of  the  insect  in  its  rapidly  changing  envi- 
ronment, and  to  assist  in  quarantine  measures  and  such  other  means 
as  are  necessary  to  restrict  the  spread  of  the  pest. 
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THE   COTTON   BOIXWORM. 

The  work  on  this  insect,  which  is  the  second  worst  pest  of  the 
cotton  and  ranges  throughout  the  cotton  belt,  has  been  continued 
during  the  last  two  seasons.  The  work  during  the  season  of  1904  has 
been  much  increased  as  a  result  of  the  special  appropriation  made 
available  in  January  of  this  year.  The  principal  lines  of  investigation 
followed  out  are  field  experiments  in  methods  of  control,  and  labora- 
tory and  field  investigations  of  life  historv,  habits,  and  parasitic  and 
predaceous  enemies  of  the  insect.  The  field  experiments  have  demon- 
strated that  the  cultural  svstem  of  control  recommended  for  the  boll 
weevil  furnishes  the  very  best  means  also  against  the  bollworm.  The 
value  of  spraying  and  dusting  with  arsenical  poisons  and  of  trap  crops 
was  made  the  subject  of  careful  experiments.  This  work  was  done 
on  six  contract  farms  over  which  the  Department  had  absolute  con- 
trol, as  in  the  case  of  the  boll  weevil,  representing  different  localities 
and  climatic  and  soil  conditions.  Cooperative  work  was  also  done  at 
a  number  of  other  points,  giving  a  total  of  some  400  acres  on  which 
experimental  and  demonstration  work  was  carried  on.  The  work  out- 
lined above  has  been  most  successful,  and  the  Department  is  now  able 
to  recommend  measures  which  will  reduce  damage  from  the  bollworm 
to  an  inconsiderable  amount. 

In  addition  to  these  two  j)rincipal  cotton  pjests,  other  insects  depre- 
dating on  cotton,  but  of  minor  importance  in  comparison  with  tnei?e 
two,  nave  been  the  subject  of  study. 

IMPORTED   BENEFICIAL   INSECTS. 

The  possibility  of  keeping  injurious  insects  in  check  by  the  intro- 
duction and  encouragement  of  natural  insect  enemies  of  such  injurious 
species  is  a  very  popular  subject  with  fruit  growers  and  farmers,  and 
notable  successes  have  been  achieved  in  this  direction.  The  work  in 
which  the  Department  of  Agriculture  has  been  especially  interested 
in  this  direction  during  the  year  has  been  a  continuation  of  the  effort 
to  establish  the  Asiatic  ladybird  enemy  of  the  San  Jose  scale  in  the 
Eastern  Stiitcs  and  the  South  African  black  scale  parasite  in  Califor- 
nia, together  with  the  kelep  or  Guatemalan  ant  enemy  of  the  cotton 
boll  weevil,  referred  to  elsewhere. 

The  Asiatic  ladybird  enemy  of  the  San  Jose  scale  {Chilocorus  simi- 
ILh)  maintained  itself  in  numerous  colonies  in  the  South  during  the 
winter.  An  examination  in  Georgia  in  May  last  indicated  the  general 
presence  of  the  beetle  in  many  of  the  orchards  where  it  had  been  lib- 
erated. Its  rapid  multiplication  has  been  prevented,  however,  in 
many  instances,  oy  the  submission  of  the  orchards  in  question  to  spray- 
ing operations  with  lime,  sulphur,  and  salt,  or  other  washes,  extermi- 
nating practically  all  of  the  scale  food  and  hence  leading  to  the  star- 
vation of  man V  of  the  beetles.  Nevertheless  this  imported  insect  has 
gained  foothold  and  will  probably  make  progress  wherever  scale  food 
is  abundant.  Its  spread  by  artificial  distribution  of  colonies  has  been 
continued  as  far  as  material  has  been  available.  The  discovery  of  the 
efficiency  of  the  lime,  sulphur,  and  salt  wash,  and  the  need  in  commer- 
cial orchards  of  absolutely  clean  fruit,  will  operate  against  this 
imported  insect  as  against  all  other  parasites  of  this  scale.  It  is  a 
comparatively  easy  matter  and  not  expensive  to  keep  an  orchard 
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clean  by  t^praying,  and  while  this  is  the  case  it  will  not  })e  advisable 
in  commercial  work  to  take  the  slower  chance  of  clearing  up  by  natu- 
I'al  enemies,  which  can  never  be  thorough  from  the  very  nature  of 
the  case.  The  successful  establishment,  however,  of  this  Asiatic 
lieetle  in  America  can  not  work  anything  but  good,  as  it  is  an  impor- 
tant agency  in  the  control  of  scale  pests,  and  will  become  more  effi- 
cient in  America  as  it  becomes  more  widespread  and  abundant. 

The  black-scale  parasite  in  California  (SeuU'lUsia  cyanea)  has  ex- 
ceeded in  usefulness  the  most  sanguine  expectations,  and  has  demon- 
strated that  it  can  withstand  the  winter  climate  of  California  perfectly. 
The  black  scale  of  which  it  is  an  enemy  is  the  worst  pest  of  the  citrus 
industry  in  southern  California,  and  tfiis  imported  parasite  is  the  first 
agency  which  has  offered  any  real  hope  of  control  other  than  by  direct 
spraying  or  gassing  operations.  As  an  illustration  of  the  prolificacy 
of  this  parasite,  more  than  40,000  specimens  were  distributea  from  the 
office  of  the  Los  Angeles  County  horticultural  commissioners,  and  vast 
numbers  were  distributed  from  other  centers. 

The  older  importations  of  beneficial  insects,  such  as  the  enemy  of 
the  white  scale  of  citrous  and  other  fruits  in  California  and  the  Rhizo- 
hius  feiitraUa^  useful  against  the  black  scale  in  the  moist  regions  of  the 
Pacific  coast,  have  continued  their  r61e  of  distinct  usefulness,  the  first 
named  being  the  most  striking  case  of  benefit  ever  made  by  an 
imported  insect.  The  fig-fertilizing  insect  has  enabled  the  raising  of 
another  very  large  and  fine  crop  of  Smyrna  figs  in  the  vicinity  of 
Fresno,  Cal.,  and  the  development  of  the  fig  industry  seems  perfectly 
assured,  and  only  awaits  the  necessar}'  lapse  of  time  for  new  orchards 
to  become  established. 

SCALE   INSECTS. 

The  work  with  scale  insects  has  been  actively  prosecuted  during  the 
3'ear.  This  group  of  insects  includes  some  of  the  most  important 
enemies  of  fruit  trees  and  shrubberv,  and  in  the  South  also  of  various 
field  and  garden  crops.  The  small  size  of  most  of  these  scale  insects, 
and  the  necessity  of  making  careful  microscopic  preparations  of  them 
before  determination  can  be  made,  render  their  identification  bv  field 
observers  difficult,  if  not  impossible.  The  result  is  that  a  great  deal  of 
the  work  of  determination  comes  to  this  Department  from  State 
entomologists  and  horticulturists,  as  well  as  from  foreign  sources. 

INSECTS   DAMAGING   FORESTS. 

The  work  on  tree  pests  is  carried  on  in  cooperation  with  the  Bureau 
of  Forestry.  During  the  present  year  it  has  related  particularly  to 
(1)  insect  damage  in  the  forests  of  the  Black  Hills  region,  a  continua- 
tion of  the  work  begun  in  1902;  (2)  an  investigation  of  important  tim- 
ber trees  in  the  Sfate  of  Washington,  particularly  the  western  hemlock, 
highland  spruce,  red  fir,  and  other  conifers;  (3)  at  the  southern  station 
(Tryon,  N.  C),  damage  to  the  southern  pine  and  cypress;  (4)  in  the 
middle  Appalachian  station,  damage  to  imported  mahogany  and  other 
timber  ancl  lumber  by  introduced  and  native  insects,  and  to  hickory, 
oak,  and  hemloc*k  by  bark-beetles  and  tan-bark  insects;  (5)  at  the  south- 
western station  (Flagstaff,  Ariz.),  damage  to  pine  forests  bv  bark- 
beetles.  In  the  course  of  this  work  there  has  V)een  considerable  coop- 
eration with  lumbering  companies  and  manufacturers  of  articles  of 
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wood,  importers  of  exotic  woods,  and  forest  rangers.  The  general 
information  gained  from  this  study  and  from  laboratory  work  at  Wash- 
ington has  greatly  advanced  the  knowledge  of  forest  insects  and  the 
means  of  controlling  them. 

INSECTS  INJURIOUS  TO   VEGETABLE   CROPS   AND  TO   FRLTTS. 

The  work  reported  in  previous  years  has  been  continued  in  these 
two  important  fields  of  investigation.  A  subject  of  special  study  dur- 
ing the  year  has  been  the  insect  enemies  of  sugar  beets,  covering  work 
done  from  Nebraska  and  Michigan  to  the  Pacific  Coast  States  and  Ari- 
zona, with  the  object  of  issuing  a  comprehensive  report  on  the  subject. 
Work  on  the  insect  enemies  of  the  orchard  fruits,  citrous  and  decidu- 
ous, and  small  fruits  has  been  continued.  The  cranberry  insects  have 
been  made  the  subject  of  a  special  publication. 

MISCELLANEOUS  WORK   WITH   INSECT   PESTS. 

A  good  deal  of  work  has  been  done  during  the  year  in  the  study  of 
means  of  controlling  damage  by  insect  enemies  of  stored  grains,  such 
as  the  flour  beetles  and  meal  worms,  and  particularly  of  the  Mediter- 
ranean flour  moth,  one  of  the  worst  of  mill  pests,  which  has  been 
reported  during  the  year  in  many  new  localities,  from  New  York  to 
California. 

Insects  affecting  shade  trees  and  ornamental  plants  have  been  studied, 
as  also  the  important  insect  enemies  of  hothouse  plants  and  indoor 
cultures. 

The  investigation  of  insects  in  relation  to  the  health  of  man  has  been 
continued.  The  geographical  distribution  of  the  yellow-fever  mosquito 
in  the  United  States  has  been  the  subject  of  special  investigation,  as 
having  an  important  bearing  upon  Quarantine  measures. 

A  special  study  has  been  undertaken  of  rice  insects  in  South  Caro- 
lina in  cooperation  with  the  South  Carolina  experiment  station. 

INSECT   KNKMIES   OF   GRAINS   AND   FORAGE   PLANTS. 

An  elaborate  investigation  of  insects  affecting  grains,  grasses,  and 
other  field  crops  has  been  begun,  and  a  special  field  agent  of  wide 
experience  and  reputation  ha8T)con  put  in  charge,  with  assistants  and 
means  for  the  best  work.  A  further  investigation  will  be  immediately 
undertaken  of  the  Hessian  fly,  the  chinch  bug,  and  the  cutworms  and 
wireworms  and  other  insects  affecting  wheat,  corn,  clover,  alfalfa,  and 
similar  crops.  The  damage  by  insects  in  this  field  is  greater  than  in 
any  other  on  account  of  the  enormous  areas  under  cultivation  and  the 
money  value  of  the  product. 

EXPERIMENTAL   WORK   WITH   INSECTICIDES. 

The  most  important  results  confirmed  by  the  experimentation  of 
the  year  with  insecticides  relate  to  the  use  of  the  lime,  sulphur,  and 
salt  wash  against  the  San  Jose  scale.  Experimentation  with  this 
wash,  long  used  in  California  against  this  scale  pest,  has  been  going 
on  in  the  East  for  several  years,  and  the  results  now  secured  hav6 
fully  demonstrated  its  very  great  value  in  spite  of  the  somewhftt 
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advet-se  climatic  conditions  which  obtain  on  the  Atlantic  seaboard  and  in 
the  Mississippi  Valley.  It  is  a  winter  application,  and  very  inexpen- 
sive as  compared  with  the  use  of  oils  and  soaps,  means  hitherto  very 
much  eniplo3'ed  in  the  East,  and  it  has  the  additional  very  distinct 
advantage  of  notable  value  as  a  fungicide;  so  much  so  in  fact  that 
some  fruit  growers  are  spraying  their  peach  orchards  with  this  wash, 
whether  they  have  scale  on  them  or  not,  simply  for  its  value  against 
leaf  curl  and  other  fungi.  The  usefulness  of  this  wash  has  very 
largely  decreased  the  terror  which  fruit  growers  have  hitherto  felt 
for  the  San  Jose  scale. 

Tho  possible  value  of  sulphate  of  copper  as  a  means  of  controlling 
mosquitoes,  as  indicated  in  a  report  issued  by  the  office  of  Vegetable 
Pathological  and  Physiological  Investigations  of  the  Bureau  of  Plant 
Industry  toward  the  close  of  the  year,  caused  a  series  of  experiments 
to  be  instituted  by  the  Entomologist  to  test  the  usefulness  of  this 
chemical  as  a  means  of  destro}Mng  such  larva?.  The  results  of  these 
tests  have  shown  that  it  has  comparatively  small  value  against  mos- 
quito larva?  under  normal  outdoor  conditions  of  breeding,  but  it  may 
prove  to  be  quite  effective  against  mosquitoes  in  regions  where  water 
18  kept  in  cisterns  or  small  storage  reservoirs,  as,  for  example,  in 
Cuba  and  in  Panama.  The  experimentation  with  this  substance 
is  stiil  in  progress. 

An  expert  has  been  put  in  paiticular  charge  of  all  investigations 
with  insecticides  and  machinery,  and  the  opportunity  for  practical 
work  has  been  very  much  increased.  Experiments  are  now  under  way 
with  the  insecticides  referred  to  above,  and  also  with  petroleum  oils; 
also  fumigation  experiments  on  fruit  stock  and  buildmgs  and  grana- 
ries, and  work  on  the  composition  of  insecticides  m  cooperation  with 
the  Bureau  of  Chemistry  are  being  carried  on. 

ENTOMOLOGICAL    EXHIBIT    AT   THE    LOUISIANA    n'RCHASE    EXPOSITION. 

An  elaborate  exhibit  of  the  work  of  the  Bureau  of  Entomology^  was 
made  during  the  year  for  the  Louisiana  Purchase  Exposition — undoubt- 
edly the  most  extensive  and  interesting  exhibit  ever  sent  out  by  this 
Bureau.  It  contains  several  entiiely  novel  features  of  great  educa- 
tional value,  and  comprises  very  many  cases  indicating  the  life  histo- 
ries of  injurious  and  other  insects,  together  with  large  models  of  man}'^ 
of  the  principal  injurious  forms  ana  vivaria  in  which  injurious  and 
beneficial  insects  are  shown  alive  and  at  work. 

SILK   Cl'LTUKE. 

The  work  in  silk  culture  has  been  prosecuted  in  all  available  lines. 
Silk  reeling  has  been  practically  established  with  imported  French 
reels  and  the  temporaiy  emplovment  of  French  experts.  Several 
American  women  have  acquired  tne  art  of  reeling  silk,  and  a  beginning 
has  been  made  in  the  training  of  experts  in  this  line  of  work.  The 
importation  of  eggs  and  their  distribution  to  all  applicants  has  l)een 
continued;  also  of  mulberry  cuttings  and  rooted  plants. 

As  pointed  out  in  m)'  last  report,  the  establishment  of  the  silk  indus- 
try in  the  United  States  must  be  a  matter  of  slow  accomplishment. 
Tne  distribution  of  mulberry  cuttings  and  of  silkworm  eggs  to  those 
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who  already  have  uiulberiy  trees  at  hand  should  be  continued.  Event- 
ubMv  enough  mulberry  trees  will  be  planted  to  insure  a  supply  of  food 
for  a  large  crop  of  worms.  Numbers  of  people  will  also  have  become 
familiar  with  the  methods  of  silk  raisings  and  conditions  will  then  be 
ripe  for  the  establishment  of  commercial  filatures.  In  the  meantime 
and  under  the  existing  conditions  the  establishment  of  some  sort  of 
market  for  cocoons  is  necessary;  and  it  is  for  this  reason  that  this 
Bureau,  out  of  its  appropriations,  is  buying  and  reeling  a  crop  of 
cocoons  which,  though  small  at  present,  will  increase  as  the  work 
progresses  from  3' ear  to  year. 

BEE   CULTURE. 

In  bee  culture  comparative  tests  have  been  continued  with  the 
Caucasian  and  other  types  of  bees  and  various  crosses  between  these 
types  themselves,  in  an  effort  to  improve  the  domestic  hive  bee  and 
secure  certain  varieties  of  special  merit  for  different  regions.  The 
general  conclusion  reached  is  that  the  Caucasian  race  is  by  far  the 
gentlest  that  has  ever  been  brought  to  this  country',  and  lends  itself 
to  manipulation  and  handling  without  the  use  of  bee  veil,  and  generally 
without  smoke.     These  bees  also  are  excellent  honey  gatherers. 

The  frequent  statements  that  comb  honey  can  be  artificially  manu- 
factured have  been  shown  to  be  absolutely  false,  and  the  purchaser 
who  gets  his  honey  in  the  comb  may  rest  assured  that  he  is  getting  an 
article  manipulated  at  least  by  bees. 

A  special  investigation  has  been  made  of  bee  conditions  over  a  con- 
siderable area  comprising  the  Middle  West  and  Western  States,  with 
the  idea  to  familiarize  the  expert  with  the  conditions  in  these  regions 
and  to  determine  the  feasibility  and  the  desirability  of  the  importation 
and  establishment  of  foreign  fioney-producing  plants. 

A  model  apiary  of  50  or  60  colonies  of  bees  has  been  secured,  and  it 
is  proposed  to  establish  it  on  the  Arlington  Experimental  Farm  as  a 
basis  lor  apiarian  investigations  and  as  a  breeding  station  of  races  and 
types  of  bees.  The  importation  of  foreign  queens  of  different  races 
has  been  continued,  and  studies  have  been  made  of  honej' -producing 
plants,  methods  of  wintering  bees,  and  bee  diseases. 

BIOLOGICAX  SUKVET. 

As  heretofore,  the  work  of  the  Biological  Survey  has  been  conducted 
along  the  three  lines  laid  down  by  Congress:  (1)  Investigations  relat- 
ing to  the  geographic  distribution  of  animals  and  plants,  including 
biological  surveys  and  the  determination  of  the  life  and  crop  belts; 

(2)  investigations  of  the  economic  relations  of  birds  to  agriculture; 

(3)  supervision  of  matters  relating  to  game  preservation  and  protec- 
tion and  the  importation  of  foreign  birds  ana  animals. 

GEOCJRAPHIC    DISTRIBUTION. 

The  Biological  Survey  is  engaged  in  mapping  the  natural  life  zones 
and  crop  belts  of  the  country  for  the  primary  purpose  of  aiding  the 
farmer  to  decide  what  crops  are  likely  to  prove  a  commercial  success 
in  his  locality.     The  work  is  done  by  studying  the  geographic  distri- 
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bution  of  native  animal^s  and  plants  in  all  j^arts  of  the  country,  and 

flatting  the  results  on  maps  snowing  the  distribution  of  each  species. 
n  order  to  obtain  the  necessary  date  the  status  of  the  various  species 
must  be  determined  by  otBce  study  and  their  ranges  laboriously 
Tvorked  out  in  the  field.  The  progress  already  made  is  gratifying, 
and  a  large  number  of  maps  are  now  approaching  completion.  The 
individual-species  maps  serve  as  the  basis  of  a  composite  map  showing 
the  natural  transcontinental  belts  and  their  more  important  subdi- 
visions. 

During  the  current  year  field  work  has  been  carried  on  over  wide 
areas  in  California,  Texas,  New  Mexico,  Colorado,  and  Alaska.  In 
California  the  field  operations,  for  the  purpose  of  securing  data  for  a 
detailed  map  of  the  life  and  crop  zones  of  the  State,  have  been  con- 
tinued under  the  personal  direction  of  the  Chief.  The  field  parties 
have  practically  completed  work  in  western  Texas,  and  are  now  in 
New  Mexico.  Explorations  in  Alaska  have  been  continued  among  the 
northern  spurs  of  the  Rocky  Mountains,  about  the  upper  and  middle 
Yukon,  and  on  some  of  the  islands  of  southeastern  Alaska. 

ECONOMIC   ORNITHOLOGY. 

In  the  section  of  economic  ornithology,  as  in  previous  years,  both 
laboratory  work  and  field  observations  have  been  carried  on.  Orchards, 
gardens,  and  gt*ain  fields  have  been  visited  for  the  purpose  of  deter- 
mining whether  the  birds  damage  crops,  attack  injurious  insects,  or 
devote  their  energies  mainly  to  Uie  wild  fruits  and  weed  seeds  of  the 
neighborhood:  and  collections  have  been  made  of  food  materials, 
including  wild  fruits,  berries,  seeds,  and  insects  to  assist  in  the  work 
of  determination  in  the  laboratorv.  During  the  current  year  exami- 
nations have  been  made  of  2,189  Lird  stomachs. 

In  studying  the  food  habits  of  California  birds,  with  reference  both 
to  the  damage  they  inflict  upon  fruit  and  the  good  they  do  in  destro}'- 
ing  noxious  weeds  and  insects,  a  scientist  spent  seven  months  (Febru- 
ary to  October)  in  the  State,  interviewing  many  of  the  fruit  growers 
and  visiting  the  most  important  fruit-growing  sections.  Most  of  his 
woik  was  in  the  orchards,  where  the  actual  mischief  done  by  the  birds 
was  noted  and  specimens  collected. 

In  cooperation  with  the  University  of  California,  a  study  was  made 
of  the  restrictive  influences  exercised  by  birds  upon  the  increase  of 
the  well-known  and  very  destructive  codling  motn.  As  a  result,  it 
was  found  that  the  pupae  of  the  moth  are  searched  out  and  fed  upon 
to  a  considerable  extent  bv  the  black-headed  grosbeak  {Zafneloduc 
melanocephala)  and  the  Bullock  oriole  {Icterus  hidlocki) — two  of  the 
handsomest  and  commonest  song  birds  of  California.  Other  investi- 
gations were  made  in  the  same  State  regarding  the  supposed  injury 
done  by  birds  to  bee  keepers.  Examinations  of  many  stomachs  of 
birds  shot  near  bee-hives  snowed  in  nearly  all  cases  that  if  bees  are 
eaten  at  all  the  ones  selected  are  the  males  or  drones.  A  careful  study 
of  the  food  habits  of  the  quail  or  bobwhite  made  during  the  year  has 
demonstrated  beyond  question  that  from  an  economic  point  of  view  it 
is  one  of  the  most  valuable  of  North  American  birds.  Some  of  the 
insect  pests  eaten  by  it  are  the  cotton  boll  weevil,  potato  bug,  chinch 
bug,  wire- worm,  cut-worms  of  various,  kinds,  and  the  cotton  bollworm. 
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BIRD   MIGRATION'. 

During  the  year  the  usual  spring  and  fall  migration  schedules  were 
sent  to  and  received  from  the  regular  observers  and  tiled  for  future 
U8e.  Sixteen  thousand  notes  relating  to  the  migration  of  warblera 
north  of  the  Ohio  and  Potomac  rivei's  were  selected  and  arranged  to 
complete  a  bulletin  on  North  American  warblers.  This  bulletin  is 
now  passing  through  the  press.  Work  was  also  commenced  on  a 
study  of  the  relations  of  migration  and  the  weather  by  comparing  the 
time  of  spring  arrivals  with  the  temperature  at  the  place  of  arrival 
and  in  the  region  to  the  southward. 

«AME   PROTECTION   AND   INTRODrCTION. 
EN'TRV   OP   FORSIGN    BIRDS   AND   AXIXALB. 

-Constant  vigilance  is  necessaiy  to  prevent  the  introduction  into  the 
United  States  of  birds  or  animals  that  are  likely  to  become  pests.  No 
species,  therefore,  except  a  few  that  are  well  known  and  harmless, 
are  allowed  to  enter  this  country  without  a  special  permit  from  the 
Department.  And,  as  an  additional  safeguard,  careful  inspection  is 
made  whenever  through  the  large  size  of  the  consignment  or  other 
cause  there  is  any  apparent  danger  that  undesirable  species  may  slip 
in.  The  permits  issued  during  the  year  numbered  318  and  allowed 
the  entry  of  1,470  mammals^  205,400  canaries,  and  41,630  miscellaneous 
birds.  Most  of  the  canane«  and  a  large  part,  of  the  miscellaneous 
birds  came  in  at  New  York  and  were  examined  by  inspectors  at  that 
port.  Several  importations  w^ere  made  of  birds  intenaed  for  libera- 
tion, among  them  65  capercailzie  from  Sweden,  brought  in  at  New 
York  and  destined  for  the  stocking  of  Algonquin  Park,  Ontario;  40 
Mexican  quail,  liberated  at  various  points  m  California  by  the  board 
of  fish  commissioners  of  that  State;  and  366  European  song-birds — 
goldfinches,  bullfinches,  larks,,  and  robins — turned  loose  in  British 
Columbia.  Permits  wei-e  also  issued  for  the  entry  of  about  3,000  eggs 
of  partridges  and  pheasants. 

INTEKSTATE   COMMERCE    IX   GAME. 

Since  the  passage  of  the  Lacey  Act  in  1900,  42  convictions  for  ille- 

gil  traffic  ill  game  have  been  secured  in  cases  passing  through  this 
epartment.  Of  these,  26  were  tried  in  Federal  courts,  16  in  State 
courts.  During  the  past  year  10  cases,  involving  the  shipment  of  700 
birds  and  36  rabbits,  were  reported  to  the  Department.  Six  convic- 
tions were  secured,  one  of  which  involved  the  longest  distance  ship- 
ment thus  far  biken  up — from  St.  Paul,  Minn.,  to  Portland,  Oreg. 
In  order  to  expedite  cases  arising  under  tlie  Lacey  Act,  State  waixlens 
have  been  advised  to  present  their  evidence  direct  to  the  Federal  courts 
instead  of  referring  it  through  this  Department  and  the  Department 
of  Justice.  This  advice  has  been  followed  in  two  or  three  instances 
within  the  past  few  months,  and  indictments  have  been  much  more 
promptly  secured  in  consequence. 

Limited  available  resources  have,  as  heretofore,  made  it  necessary 
to  concentrate  efl'orts  in  two  or  three  areas,  and  in  all  cases  preven- 
tion of  shipment  has  been  given   precedence  over  prosecution  after 
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shipment  has  ocourred.  The  passag'C  of  laws  hy  Texas  in  19o3,  pro- 
hibiting sale  and  capture  of  waterfowl;  made  it  possible  for  the  first 
time  to  restrict  the  enormous  destruction  of  ducks  in  that  State  for 
Northern  markets.     Throug-h  loi*al  authorities  and  express  companies 

general  attention  was  calleclto  the  provisions  of  the  State  and  Federal 
iws  and  a  close  watch  maintained  on  usual  shipping  routes.  No  vio- 
lation of  the  law  was  noted,  and  it  is  probable  few  consignments  of 
ducks  reached  Northern  markets  from  this  State  during  the  year. 

An  attempt  was  made  to  ascertain  the  effectiveness  of  recent  legis- 
lation prohioiting  shipment  and  sale  of  game  by  means  of  a  special 
investij]^ation  in  cooperation  with  SUite  wardens  and  othera.  The  Kinds 
and  prices  of  game  in  the  miirkets  of  a  dozen  or  more  important  cities 
during  Thanksgiving  week  were  ascertained.  That  consiaerable  prog- 
ress has  been  made  in  enforcing  shipping  laws  was  conclusivelv  shown; 
few  prairie  chickens  were  on  sale  in  any  Eastern  markets,  and  in  some 
instances  prices  three  or  four  times  as  6igh  as  those  of  a  few  years  ago 
were  charged;  pheasants  were  absent  from  the  markets  of  several  cities 
where  they  were  formerly  abundant;  and  at  the  opening  of  the  season 
quail  were  unusually  scarce,  though  later,  when  the  routes  of  shipment 
still  open  were  discovered  hy  the  trade,  they  became  more  abundant. 

I'K<>TE(T1<>.V    <»F    (.AME    IN    ALVSKA, 

The  Alaska  game  law  has  accomplished  the  two  main  objects  for 
which  it  was  enacted:  The  shipment  of  deer  hides  has  been  stopped 
and  the  export  of  heads  of  big  game  as  trophies  has  been  curtailed. 
The  protection  of  game  has  been  as  satisfactory  as  could  be  expected 
in  so  large  a  region  and  without  wardens.  A  mistaken  belief,  how- 
ever, that  the  law  does  not  permit  natives  to  kill  game  for  food,  cou- 
pled with  objections  to  the  presence  of  visiting  sportsmen,  particularh^ 
on  the  Kenai  Peninsula,  gave  rise  to  considerable  criticism  of  the  law. 
This  adverse  feeling  led  to  the  introduction  of  a  bill  in  the  Senate  to 
replace  the  present  law  with  one  doing  awiiv  with  all  restrictions 
except  a  provision  to  limit  the  export  of  trophies  and  charge  license 
fees  of  $25  to  residents  and  ^2o0  to  nonresidents  for  such  export.  As 
the  adjournment  of  Congress  without  definite  action  left  this  measure 
still  pending,  the  Department  deemed  it  advisable  to  suspend  the  issue 
of  permits  for  the  present  except  in  very  special  cases.  Early  in 
June  new  regulations  were  issued  extending  some  seasons,  permit- 
ting unrestricted  shipment  of  bearskins,  and  making  other  desirable 
changes. 

M  ISC' K I.  LA  NE(  )r><    W'i  »RK. 

A  preserve  for  the  elk  presented  to  the  Government  bv  Miller  and 
Lux  was  established  in  Tulare  County,  Cal.,  on  the  Middle  Fork  of 
the  Kaweah  River,  just  within  the  boundarv  of  the  Sequoia  National 
Park. 

On  the  Pelican  Island  reservation  in  Florida  a  warden  has  been 
maintained  through  the  cooperation  of  the  American  Ornithologists' 
Union  and  the  Department,  and  the  pelicans  on  the  island  have  been 
practically  undisturbed. 

As  heretofore,  special  attention  has  been  given  to  the  duty  imposed 
by  the  Lacey  Act  of  collecting  and  disseminating  information  relating 
to  the  propagation,  uses,  and  preservation  of  birds.     The  demand  for 
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such  information  is  widespread,  and  much  time  is  devoted  to  gathering 
material  and  preparing  it  for  pubiieation. 

RECOMMEXDATIONS. 

The  three  distinct  lines  of  work  assigned  to  this  Division  could  be 
conducted  much  more  economically  and  effectively  were  the  Division 
reorganized  as  a  bureau  of  three  divisions,  each  to  have  charge  of 
one  of  these  lines,  and  were  a  larger  amount  appropriated  for  the 
performance  of  the  work.  I  have  accordingly  recommended  such 
reorganization. 

BUREAU  OF  STATISTICS. 

On  Julv  1,  1903,  the  Division  of  Statistics  of  this  Department, 
which  is  the  oldest  distinctively  statistical  agenc}'  of  the  Government, 
antedating  bv  a  score  of  vears  the  creation  of  this  Department, 
received  the  broader  organization  of  a  bureau. 

As  now  organized  the  Bureau  of  Statistics  includes  a  Division  of 
Domestic  Crop  Reports,  a  Division  of  Foreign  Markets,  and  a  Miscel- 
laneous Division,  which  conducts  special  investi^tions  and  collects 
statistics  on  rural  economics.  The  work  of  the  Division  of  Domestic 
Crop  Reports  forms  the  most  conspicuous  feature  of  the  statistical 
work  of  the  Department.  It  employs  nearly  two-thirds  of  the  entire 
clerical  force  of  the  Bureau,  and  calls  to  its  aid  the  public-spirited 
service  of  nearly  250,000  voluntary  correspondents,  whose  painstaking 
service  deserves  grateful  appreciation.  The  results  of  its  investiga- 
tions are  published  monthly  in  the  Crop  Reporter,  of  which  over 
1,300,000  copies  were  distributed  during  the  3'ear. 

The  general  appreciation  l)y  the  business  and  farming  public  of  the 
value  of  the  Department  crop  reports  grows  steadily.  Criticism  is 
not  lacking.  On  the  contraiy,  it  is  one  of  the  curious  features  of  this 
work  that  the  more  closely  reports  represent  the  actual  facts  and  the 
wider  the  appreciation  of  their  accuracy  the  more  subject  they  become 
to  criticism.  This  is  undoubtedl}^  due  to  the  fact  that  as  their  general 
accuracj'  is  more  and  more  wideh'  recognized  the}^  necessarily  exercise 
a  greater  influence  upon  the  markets,  thus  inevitably  favoring  or 
antagonizing,  as  the  case  may  be,  some  of  those  who  are  engaged  in 
the  game  of  speculation  in  agricultural  products. 

This  immediately  attracts  the  adverse  comments  of  the  losers.  This 
result  is  unavoidable,  and  is  apparently  the  inevitable  penalty  the 
Department  must  pa}^  for  issuing  reports  so  reliable  and  so  generally 
appreciated  as  to  have  instant  effect  on  the  markets.  Were  the  reverse 
true,  and  were  these  reports  regarded  as  unreliable,  they  would  not 
influence  prices,  and  criticisms  would  be  reduced  to  a  minimum. 

The  Bureau  is  earnestly  engaged  in  studying  the  efforts  of  numer- 
ous associations  of  cotton  manufacturers  organized  in  several  European 
countries  for  the  purpose  of  promoting  tlie  production  of  cotton  in 
new  lands,  with  a  view  to  rendering  them  more  or  less  independent  of 
the  American  cotton  grower.  These  efforts  are  being  especially  directed 
to  the  interior  of  Africa.  Before  long  it  is  thought  that  the  Depart- 
ment will  be  able  to  publish  some  valuable  matter  on  this  interesting 
subject. 
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The  production  and  international  movement  of  grain  in  the  principal 
European  countries  is  another  subject  which  is  receiving  the  earnest 
attention  of  the  Division  of  Foreign  Markets. 

With  the  assistance  of  experts  newly  engaged,  the  rice  and  truck 
crops  will  for  the  first  time  be  made  the  subjects  of  systematic  and 
continuous  statistical  investigation.  The  grain  belt  has  been  redis- 
tricted  and  an  additional  field  agent  assigned  to  it. 

OFFICE  OF  PT7BLIC  BOAD  INQXTTBIES. 

Popular  interest  in  road  improvement  appears  to  be  deeper  and 
more  widespread  than  ever  before.  This  is  evidenced  by  the  work  of 
improvement  actually  going  on  in  nearly  all  sections,  by  the  State  road 
legislation,  by  the  calls  for  the  road  literature  issued  by  the  Depart- 
ment, and  by  requests  for  the  advice  and  cooperation  of  the  Depart- 
ment in  building  object-lesson  roads. 

COOPERATIVE   FIELD  WORK. 

For  greater  convenience  and  efficiency  in  carrying  on  the  field  work 
of  the  Office  of  Public  Road  Inquiries  the  country  has  been  somewhat 
roughly  laid  oflf  into  four  main  divisions,  with  a  special  agent  in  each. 
The  work  of  these  and  other  special  agents  in  the  field  consists  in  col- 
lecting and  disseminating  useful  information  regarding  roads  and  road 
building,  conducting  investigations  and  experiments,  attending  and  . 
addressing  meetings,  and  representing  the  Department  in  cooperative 
object-lesson  road  work. 

At  several  points  in  the  South  the  Office  of  Public  Road  Inquiries  has 
cooperated  in  the  construction  of  experimental  roads  of  a  mixture  of 
sand  and  clay,  and  the  results  have  shown  that,  in  the  absence  of  stone 
and  gravel,  this  mixture  may  often  be  used  to  great  advantage. 
Other  object-lesson  roads  were  constructed,  with  the  cooperation  of 
the  Office,  in  Arkansas,  Ohio,  Tennessee,  Virginia,  and  West  Virginia. 
These  were  in  most  cases  first-class  macadam  roads.  An  especial  effort 
has  been  made  to  keep  accurate  accounts  of  the  work  done  m  each  case, 
and  to  report  the  operations  and  expenses  in  such  detail  as  to  make 
the  work  a  source  oi  instruction  to  all  who  may  read  the  reports. 

Reports  from  all  sections  of  the  country  in  which  experimental  and 
object-lesson  roads  have  been  built  in  previous  years  are  unanimous 
in  commending  the  character  of  the  work  done  and  testifjdng  to  its 
great  influence  for  good. 

It  is  intended  that  the  work  of  the  Office  shall  be  continued  along 
the  present  lines  of  helpfulness  and  extended  so  far  as  practicable,  in 
order  that  its  benefits  may  be  most  widely  distributed. 

STATE   RO>D   LEGISLATION. 

The  most  important  feature  in  Sta^e  road  legislation  of  recent  years 
is  to  be  found  in  the  adoption  of  the  State-aid  plan.  This  plan  involves 
a  recognition  of  the  fact  that  road  improvement  is  a  matter  .of  general 
as  well  as  local  interest.  The  inefficiency  of  the  statute  labor  sy^em 
of  repairing  roads,  the  unwillingness  of  the  rural  taxpayers  to  assume 
the  heavy  burdens  necessary  to  the  building  of  improved  highways, 
the  popular  aversion  to  the  issuance  of  bonds,  ana  the  lack  of  any     ^- 
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central  authority  capable  of  coordinating  the  efforts  of  local  communi- 
ties, have  to  a  ereat  extent  paralyzed  efforts  to  secure  frcneral  improve- 
ment of  rural  highways.  The  State-aid  plan  is  intended  to  counteract 
these  depressing  influences.  It  provides  sufficient  funds  to  ^ve  scope 
and  system  to  the  efforts  for  road  improvement;  it  distributes  tne 
burden  of  expense  so  as  to  greatly  relieve  the  rural  taxpayers;  and  it 
stimulates  action  on  the  part  of  local  communities,  coordinates  local 
effort,  assures  competent  supervision,  and  secures  results  of  perma- 
nence and  value. 

The  main  features  of  the  State-aid  plan  as  now  adopted  in  a  number 
of  the  States  are  (1)  a  State  highway  commission,  and  (2)  annual  appro- 
priations from  the  State  treasury  to  pay  a  fixed  part  of  the  expense 
for  building  good  roads,  the  balance  of  the  cost  to  be  met  by  the  coun- 
ties, the  towns,  and  the  owners  of  property  lying  along  the  improved 
roaas.  In  nearly  all  cases  the  initiative  is  with  the  loc^  communities, 
and  the  work  is  done  under  local  control,  but  according  to  plans 
and  specifications  which  must  be  approved  by  the  State  highway 
commission. 

In  New  tTersey,  the  pioneer  State  in  the  adoption  of  this  i>lan,  the 
State  pays  one-third  of  the  cost  and  the  counties  two-thirds,  part  of 
the  county^s  share  being  assessed  against  the  towns,  the  annual  State 
appropriation  being  $250,000.  In  New  York  the  State  provides  for 
one-half  the  expense,  while  the  counties  must  pay  35  per  cent  and  the 
towns  15  per  cent.  In  1903  the  legislature  appropriated  $600,000  as 
State  aid.  No  two  States  have  adopted  exactly  tne  same  provisions. 
Since  1890,  eleven  States  in  all  have  provided  for  a  greater  or  less 
degree  of  State  aid.  They  are  the  six  New  England  States,  New  York, 
New  Jersey,  Penns^'lvania,  Delaware,  and  Maryland.  In  a  number  of 
other  States  the  plan  is  receiving  favorable  consideration; 

OFFICE  OF  EXPERIMENT  STATI0K8. 
PROGRESS  OF  THE   EXPERIMENT  STATIONS. 

The  a^icultural  experiment  stations  throughout  the  country  are 
maintaining  close  relations  with  this  Department  and  are  seeking  its 
cooperation  in  increasing  measure.  The  Department  is  endeavoring 
to  aid  the  stations  so  far  as  it  can  with  a  view  to  raising  the  general 
level  of  their  work  in  the  directions  of  scientific  accuracy  and  practical 
usefulness  and  to  bring  the  results  of  their  experimental  inquiries 

Eromptly  and  effectively  to  the  attontion  of  farmers  throughout  the 
United  States.  It  is  believed  that  the  Federal  funds  given  to  the 
several  States  for  the  maintenance  of  agricultural  experiment  stations 
are  now  spent  more  fully  for  useful  agricultural  investigations  than 
ever  before  and  that  the  results  obtained  by  the  expenditure  of  these 
funds,  combined  with  those  contributed  by  a  considerable  number  of 
the  States,  will  compare  very  favorably  in  scientific  thoroughness  and 
practical  effectiveness  with  the  results  obtained  with  equal  expendi- 
tures of  public  funds  for  similar  work  elsewhere. 

Under  the  system  of  State  control  of  the  planning  and  execution  of 
the  experimental  operations  of  the  State  stations  and  under  the  liberal 
terms  of  the  Hatch  Act,  through  which  the  States  are  granted  Federal 
funds  for  the  partial  maintenance  of  their  stations,  there  is  necessarily 
^x>nsiderable  '^Versity   of  opinion  as  regards  the  proper  and  wise 


REPORT  OF  THE  SECRETARY  OF  AGRICULTURE.        79 

expenditure  of  these  funds.  This  fact  i.s  often  overlooked  in  eriticLsms 
of  the  work  of  our  Htations  tm  related  to  their  use  of  public  funds. 
With  the  growth  of  intelligent  public  opinion  in  the  several  States 
regarding  the  most  itseful  functionn  of  the  experiment  stations,  the 
grade  of  their  work  has  been  raised,  and  when  once  the  local  constitu- 
ency of  a  station  has  understood  the  real  purpose  and  importance  of 
good  agricultui-al  investigations,  there  has  t)een  little  ail&culty  in 
securing  the  adherence  of  the  managers  of  that  station  to  the  spirit  as 
well  as  the  letter  of  the  laws  under  which  the  station  is  conducted. 

ADVICE   AND   COOPERATION    FROM    THE   DEPARTMENT. 

It  has  been  the  effort  of  this  Department  to  set  before  the  stations 
a  high  standard  of  efficiency  and  to  exert  steady  pressure  for  the 
improvement  of  their  work.  The  cases  of  clear  departure  from  the 
law  in  the  use  of  the  public  funds  granted  under  the  Hatch  Act  have 
been  comparatively  few,  and  in  such  cases  this  Department  has  insisted 
on  such  an  adjustment  of  expenditures  as  would  protect  the  Federal 
funds.  In  most  instances  ot  this  kind  the  stations  have  had  funds 
wholl}"  subject  to  State  authority  which  could  be  spent  more  freely 
than  the  Federal  funds  and  so  have  easily  adjusted  their  accounts  to 
meet  the  requirements  of  the  Hatch  Act.  In  some  cases  this  has  not 
been  practicable  and  loss  of  a  portion  of  the  Federal  fund  of  the  ensu- 
ing j'ear  has  resulted.  Not  a  year  passes  but  that  some  stations  are 
persuaded  by  this  Department  to  forego  expenditures  of  the  Federal 
funds  which  under  the  terms  of  the  Hatch  Act  they  might  technically 
insist  they  had  a  legal  right  to  make  but  which  after  discussion  they 
are  convinced  are  not  in  the  best  interests  of  their  work.  Especially 
has  there  been  effected  a  more  liberal  interpretation  of  the  duties  and 
responsibilities  of  the  agricultural  colleges  toward  the  stations,  which 
are  organized  bs  departments  of  research  in  these  institutions.  There 
are  now  only  a  few  of  these  colleges  where  the  narrow  and  short-sighted 
policy  of  dealing  illiberally  with  the  experiment  stations  is  maintained, 
and. this  Department  will  not  cease  its  efforts  to  bring  about  a  change 
of  view  and  action  by  such  college  authorities  on  this  important  matter. 

As  the  amount  and  variety  of  the  coopemtion  between  the  bureaus 
of  this  Department  and  the  State  experiment  stations  increase  there 
arise  from  time  to  time  questions  of  policy  regarding  the  relations  of 
the  Department  and  the  stations  in  such  enterprises.  To  provide  a 
regular  agency  for  the  discussion  and  adjustment  of  such  matters,  I 
have  created  during  the  past  year  a  standing  committee  on  coopera- 
tion, consisting  of  the  Director  of  the  Office  of  Experiment  Stations 
and  the  Chiefs  of  the  Bureaus  of  Plant  Industry  and  Soils.  Several 
conferences  have  already  taken  place  Wtween  this  committee  and  the 
executive  committee  of  the  Association  of  American  Agricultural  Col- 
leges and  Experiment  Stations. 

During  the  past  year  a  movement  looking  to  the  increase  of  the 
funds  granted  by  Congress  for  the  use  of  the  experiment  stations  has 
been  inaugurated  and  legislation  for  this  purpose  is  now  pending. 
After  a  careful  study  of  this  matter  in  connection  with  the  examina- 
tion of  the  work  and  expenditures  of  the  stations  during  the  past  two 
years,  I  am  convinced  that  the  demands  on  the  stations  for  the  exten- 
sion of  their  work  which  have  been  aroused  by  their  success  in  giving 
direct  practical  benefits  to  agriculture  in  all  parts  of  the  country  can 
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not  be  met  without  increased  funds  and  that  they  are  in  a  position  to 
make  effective  use  of  larger  means  than  they  now  have  at  their  com- 
mand. Now  that  this  matter  is  being  publicly  discussed  and  the 
details  of  legislation  have  not  been  decided,  it  seems  proper  to  state 
that  in  the  view  of  this  Department  it  is  highly  important  that  in  any 
further  act  which  Congress  may  pass  for  the  benefit  of  the  agricul- 
tural experiment  stations  the  Federal  funds  shall  be  explicitly  granted 
for  purposes  of  agricultural  research,  and  the  powers  and  duties  of 
this  Department  as  related  to  the  supervision  of  those  funds  shall  be 
clearly  defined. 

STUDIES   IN    CHEESE   MAKING. 

As  the  work  of  the  experiment  stations  advances  from  vear  to  year 
experimental  data  accumulate  in  many  lines,  and  from  time  to  time 
results  of  great  general  importance  come  out  of  this  extensive  work. 
A  good  example  of  this  at  the  present  time  is  found  in  the  investiga- 
tions of  the  stations  relating  to  cheese  making.  The  importance  of 
this  in  this  country  is  shown  by  the  fact  that  cheese  production  now 
amounts  to  300,000,000  pounds  a  year,  valued  at  approximately 
$30,000,000.  Though  cheese  making  is  probably  the  oldest  dairy 
industry,  very  little  nas  been  known  regarding  the  principles  on  which 
it  is  based.  For  centuries  it  has  been  carried  on  largely  by  rule-of- 
thumb  methods,  and  the  reasons  for  the  various  processes  and  the 
exact  nature  of  the  changes  brought  about  by  them  have  been  unknown 
to  the  cheese  maker.  He  has  been  guided  mainly  by  the  traditions  of 
his  art  and  has  depended  upon  the  skill  and  judgment  acquired  through 
long  experience. 

Within  the  past  ten  years  several  of  the  experiment  stations  of  this 
country  have  prosecuted  systematic  studies  of  cheese  making  with  a 
view  of  determining  the  principles  upon  which  it  rests  and  the  means 
of  simplif3'ing  and  improving  its  processes.  Owing  to  the  large  num- 
ber of  factors  involved  the  work  has  been  difficult,  and  for  a  consider- 
able time  the  progress  was  slow.  Now,  however,  the  accumulated 
results  are  of  great  practical  value,  and  it  may  be  fairly  claimed  not 
only  that  this  great  industry  has  been  put  on  a  rational  basis,  but  also 
that  the  art  of  cheese  making  has  been  simplified  and  its  processes  can 
now  be  more  easily  controlled,  so  that  good  cheese  can  be  more  uni- 
formly produced. 

GAINS   IN    USE   OP   FEEDING   STUFFS. 

The  Office  of  Experiment  Stations  has  recently  published  a  sum- 
mary of  a  large  amount  of  work  which  the  stations  have  done  on  ques- 
tions relating  to  feeding  stuffs.  Some  of  the  practical  results  of  this 
work  have  been  very  important.  The  saving  and  use  of  corn  fodder 
(stover),  which  was  formerlv  so  largely  wasted  over  a  large  part  of 
the  country,  is  a  striking  illustration  of  this.  Its  value  as  a  reeding 
stuff  has  been  demonstrated,  and  the  best  means  of  utilizing  it  have 
been  shown  by  the  stations'  work,  and  their  continual  agitation  has 
brought  about  very  great  improvement  in  farm  practice  in  this  respect. 
At  the  nominal  value  of  $1  a  ton  the  corn  stover  crop  of  the  United 
States  would  be  worth  at  least  $100,000,000.  While  it  is  not  all  util- 
ized, much  the  larger  share  of  it  is,  and  the  practice  of  doing  this  is 
ilteadily  increasing. 
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The  inspection  of  commercial  and  condimental  feeding  stuffs,  brought 
about  by  the  experiment  stations,  has  already  had  the  effect  of  largely 
holding  in  cheek  the  adulteration  of  these  products  and  fraud  in  tneir 
sale.  In  a  number  of  the  States  where  the  laws  have  been  vigorously 
enforced  by  the  stations  inferior  articles  have  been  entirely  driven 
out  of  the  market,  because  farmers  would  not  buy  them  unless  they 
received  the  stations'  stamp  of  approval. 

THE  AGRICULTURAL  COLLEGES. 

The  activity  of  the  colleges  in  providing  special  buildings  and  labora- 
tories for  instruction  in  the  different  divisions  of  the  science  of  agri- 
culture continues  unabated.  Among  the  buildings  of  this  nature 
recently  completed  are  the  $50,000  agricultural  building  in  South 
Carolina,  the  $150,000  agricultural  building  of  the  University  of  Wis- 
consin, and  the  agronomy  and  animal  husbandry  judging  pavilion  and 
the  fann  mechanics  building  of  the  Iowa  State  College  of  Agriculture 
and  the  Mechanic  Arts.  The  University  of  Nebraska  is  erecting  a 
$60,000  building  for  its  school  of  agriculture. 

The  appropriations  of  the  year  for  new  buildings  at  the  colleges  and 
for  the  maintenance  of  these  institutions  have  also  been  very  large. 
The  State  legislature  of  Virginia  appropriated  $165,000  for  buildings, 
equipment,  and  improvements  at  the  agricultural  college.  The  Iowa  col- 
lege nas  an  addition  of  $50,000  to  its  maintenance  fund,  an  appropria- 
tion of  $95,000  to  complete  the  central  building,  $45,000  for  a  uairy 
building,  and  $10,000  for  equipping  it,  $22,000  for  a  new  dairy  farm, 
and  $7,000  for  equipment,  and  ilf54:,500  to  begin  the  construction  of  a 
heating  plant,  with  several  minor  items,  including  $15,000  annuallv 
for  the  experiment  station.  The  College  of  Agriculture  of  Cornell 
University  is  now  definitely  organized  under  Stiite  support,  with  an 
appropriation  of  $250,000  for  buildings  and  equipment.  The  Illinois 
CJollege  of  Agriculture  has  appropriations  for  a  building  for  beef  cat- 
tle, $25,000;  another  for  horticulture,  $12,200,  and  for  a  storage  build- 
ing for  agronomy,  $12,500.  Minnesota  has  appropriations  aggregating 
$300,000  for  building  purposes,  including,  among  other  items,  $218,000 
for  a  main  agricultural  building. 

There  is  increasing  interest  in  the  formulation  of  courses  in  rural 
engineering  and  the  provision  of  special  facilities  for  instruction  in 
this  important  subject.  Special  attention  is  being  given  to  instruction 
relating  to  the  construction  and  use  of  farm  machinery.  The  con- 
tinued scarcity  of  farm  labor  in  almost  all  of  the  agricultural  regions 
in  this  country  makes  necessary  the  employment  of  farm  machinery 
on  even  a  more  extensive  scale  than  has  hitlierto  prevailed.  The  total 
value  of  implements  and  machinery  on  farms  in  this  country,  accord- 
ing to  the  last  census,  was  $761,261,500,  an  average  of  $133  per  farm 
and  of  90  cents  per  acre  of  farm  land.  Much  of  this  machinery  is 
elaborate  and  complicated  in  construction  and  requires  mechanical 
skill  and  genius  for  its  most  eflScient  operation  and  care.  In  very 
many  cases  it  is  also  essential  that  the  farmer  shall  understand  how  to 
repair  such  machinery.  It  represents  an  important  part  of  the  farm- 
er s  invested  capital  upon  which  he  must  earn  or  pay  interest.  That 
there  is  an  enormous  waste  of  money  due  to  neglect  and  unskillful 
handling  of  this  part  of  the  farm  equipment  must  be  obvious  to  any 
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one  who  has  traveled  through  the  regions  where  it  is  most  used.  The 
colleges  can  therefore  do  a  very  important  work  in  training  their  stu- 
dents so  that  they  will  understand  the  construction,  care,  and  most 
economical  use  of  farm  machinery. 

The  attendance  at  the  land-grant  colleges  in  19()3  aggregated  52,489 
students,  of  whom  3,146  were  in  four-year  courses  in  agriculture,  and 
7,550  in  shorter  coui-sos  in  agriculture,  dairying,  horticulture,  and 
veterinary  science.  The  graduates  of  these  institutions  in  1903  were 
4,524,  and  since  their  org;anization  53,252.  The  importance  of  the 
colleges  of  agriculture  ana  mechanic  arts  as  a  part  of  the  American 
system  of  higher  education  and  research  has  been  notably  shown  dur- 
ing the  past  year  at  the  I^uisiana  Purchase  Exposition,  where  an 
extensive  exhibit  of  the  work  of  these  institutions  was  made  in  the 
Palace  of  Education. 

SECOXDARV  AND   ELEMENTARY   SCHOOLS. 

Progress  has  been  made  during  the  }'ear  along  the  lines  of  secondary 
instruction  in  agriculture  not  only  in  the  schools  maintained  in  con- 
nection with  the  agricultural  colleges,  but  also  in  separate  secondary 
schools,  the  numl)cr  of  which  is  steadily  inci*easing.  Considerable 
attention  is  l)eing  given  of  late  to  the  practical  instruction  of  women 
along  agricultural  and  horticultural  lines. 

The  introduction  of  agricultural  instruction  into  the  primary  schools 
is  being  more  widelv  discussed  than  ever  before  at  meetings  of  teach- 
ers anu  farmers,  l^he  success  of  the  nature  stud}'  and  school  garden 
movement  in  a  considei'able  number  of  citv  and  country  schools  has 
led  to  a  demand  for  the  more  formal  teaching  of  elementary  airricul- 
ture  in  the  higher  grades  of  the  rural  schools.  The  National  Educa- 
tional Association,  State  superintendents  of  public  instruction, officers 
of  agricultural  colleges,  as  well  as  a  number  of  other  organizations  and 
numerous  individuals  in  various  official  positions,  have  or  late  interested 
themselves  in  the  introduction  of  elementary  agriculture  and  garden- 
ing in  these  schools.  The  National  Educational  Association  now  has 
a  special  committee  of  educators  of  national  repute  considering  this 
subject. 

.METHODS    AND   TKXT-BOOKS. 

At  the  recent  convention  of  the  Association  of  American  Agricul- 
tural Colleges  and  Experiment  Stations  at  Des  Moines,  Iowa,  the 
standing  committee  on  methods  of  teaching  agriculture  made  a  report 
in  which  it  gave  a  brief  histor}'  of  the  development  of  manual  ti'aining 
and  agricultural  instruction  in  the  common  schools,  and  outlined  a 
course  of  nature  study  and  elementary  agriculture  for  such  schools. 
Outline  courses  in  elementary  agriculture  have  already  been  prepared 
b}"  school  officers  in  a  number  of  States.  These  are  supplemented  by 
the  formation  of  clubs  of  farmers'  boys  and  girls,  which  arfe  organized 
for  the  pui^posc  of  conducting  simple  experiments  at  their  homes. 
Eight  thousand  Illinois  boys  belonging  to  these  clubs  exhibited  corn 
of  their  own  raising  at  the  Louisiiina  Purchase  Exposition.  In  a 
number  of  States  laws  have  Iwen  enacted  requiring  teachers  to  pa*? 
examinations  in  agriculture,  and  the  training  of  teachers  along  agri- 
cultural lines  is  already  receiving  considerable  attention  at  agricultur«I 
colleges  and  schools,  and  normal  schools,  especiall}'  at  sessions  held 
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diirin£f  the  summer.  A  considerable  impetus  to  the  movement  for  the 
introduction  of  agriculture  in  the  public  schools  has  been  given  by  the 
recent  improvement  of  text-books  and  works  of  reference.  Within 
the  last  year  or  two  a  number  of  elementary  text-books  in  agriculture 
have  been  published,  and  some  of  these  seem  well  suited  to  use  in  the 
rui'al  schools.  In  one  way  or  another  thousands  of  children  in  the 
oommon  schools  are  already  receiving  sc»ne  instruction  relating  to 
{^priculture,  and  the  movement  in  this  direction  is  rapidly  increasmg. 

AID   FROM   THE   DEPARTMENT. 

This  Department  is  aiding  this  movement  so  far  as  it  can  without 
bavins  funds  specifically  for  this  purpose.  It  seems  very  desirable 
that  the  Department  should  be  in  a  position  to  give  more  effective 
aid  to  the  movement  which  contemplates  the  application  of  the  results 
of  practical  and  scientific  investigations  to  our  agriculture  through 
instruction  to  multitudes  of  farmers'  children  in  the  public  schools  as 
well  as  in  the  agricultural  colleges.  The  vast  majority  of  teachers  in 
rural  schools  throughout  the  country  are  unacquainted  with  the  work 
and  publications  of  this  Department  and  do  not  understand  how  these 
publications  might  be  utilized  for  instruction  in  subjects  related  to 
agriculture.  Very  much  needs  to  be  done  to  overcome  the  prejudice 
of  school  officera  and  teachers  against  the  introduction  of  agricultural 
subjects  into  the  schools.  It  is  becoming  increasingly  clear  that  the 
results  of  the  work  of  this  Department  and  the  experiment  stations 
can  not  be  most  effectively  and  widely  utilized  by  our  farmers  unless 
in  early  life  they  are  taught  to  think  and  act  along  the  lines  in  which  the 
application  of  scientific  principles  and  discoveries  is  made  to  appear 
theoretically  rational  as  well  as  practically  useful.  Therefore,  to  secure 
the  gi-eatest  benefit  to  our  agricultural  people  through  the  expenditure 
of  public  funds  in  the  maintenance  of  tnis  Department  and  the  experi- 
ment stations,  we  should  be  able  to  bring  the  work  of  these  institutions 
directly  to  the  attention  of  our  educators  and  school  managers  in  every 
State  and  Territorv. 

farmers'  institutes. 

Work  in  the  interests  of  the  farmers'  institutes  throughout  the 
country  has  been  regularly  organized  in  the  Office  of  Experiment 
Stations.  Special  efforts  are  being  made  to  aid  the  large  force  of 
lecturers  who  are  in  the  employ  of  the  State  directors  of  institutes. 
The  attention  of  these  lecturers  has  been  definitely  called  to  the 
numerous  publications  which  this  Department  and  the  experiment 
stations  are  issuing,  which  will  be  useful  to  them  in  their  institute 
work,  and  they  have  been  put  in  the  way  of  receiving  these  publica- 
tions regularly. 

There  is  also  a  growing  movement  for  the  establishment  of  the 
institutes  in  the  several  States  on  a  more  permanent  basis.  The  form 
of  organization  most  approved  is  that  of  a  strong  local  permanent 
organization  in  each  institute  district,  combined  with  a  system  of 
oversight  and  limited  control  by  the  central  State  authorit}^,  whose 
duties  and  powers  are  prescribed  by  law. 

ALASKA   EXPERIMENT   STATIONS. 

During  the  past  year  experiment  stations  were  maintained  at  Sitka, 
Kenai,  Rampart,  and  Copper  Center,  and  cooperative  experiments  were 
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conducted  at  Wood  Island.  Seeds  of  vegetables  and  flowers  were  dis- 
tributed through  the  cooperation  of  the  Bureau  of  Plant  Industry  to 
about  1,500  addresses.  Many  of  the  recipients  report  success  and  fur- 
ther confirm  the  possibility  of  raising  nardv  vegetables  and  hardy 
annual  flowers  in  nearly  all  parts  of  the  Territory  south  of  the  Arctic 
Circle.  An  investigation  of  the  gi^asses  and  forage  plants  of  Alaska  is 
being  conducted  in  connection  with  the  Bureau  of  Plant  Industry.  At 
Sitka  the  headquarters  building  has  been  completed  in  accordance  with 
the  plans  furnished  by  this  Department,  except  for  some  minor  altera- 
tions made  in  the  interests  of  economy.  More  attention  will  hereafter 
be  given  at  this  station  to  horticulture  and  the  propagation  of  trees  and 
bushes  for  distribution  to  the  other  stations  and  over  the  Territory  at 
large.  Some  nursery  stock  consisting  of  hardy  and  early  maturing 
varieties  of  apples,  plums,  and  cherries  nave  been  planted,  and  currants, 
gooseberries,  and  raspberries  are  also  being  propagated. 

SOME  RESULTS   OP  THE    WORK    AT  THE   STATIONS. 

At  the  Kenai  station  about  21  acres  have  been  brought  under  culti- 
vation. Experience  during  the  past  two  seasons  at  this  point  has 
shown  that  the  maturing  of  grain  is  somewhat  uncertain,  tnough  an 
abundance  of  forage  can  be  grown  every  year.  Cattle  do  well  nere, 
and  the  station  is  l^ginning  in  a  small  way  to  build  up  a  herd. 

At  the  Copper  Kiver  Valley  station,  opened  two  years  ago,  a  num- 
ber of  acres  have  been  cleared  and  cultivated.  During  the  season  of 
1903  barley  and  oats  matured,  and  produced  plump  and  heavy  grain. 
Cultivated  grasses  seeded  in  experimental  plats  did  well,  and  a  consid- 
erable varietv  of  hardy  vegetables  were  grown.  In  1904  an  elaborate 
system  of  plants  has  been  laid  out  and  extensive  experiments  are 
under  way  with  cereals.  During  August  a  severe  frost  destroyed, 
many  varieties  of  the  cereals,  rendering  them  fit  onlv  for  hay,  uut 
some  barley  was  matured  and  the  ^rain  saved  for  seed,  and  about  90 
per  cent  of  the  Sixty  Day  and  Fmnish  Black  oats  were  matured, 
making  about  an  average  crop.  This  station  has  the  first  equipment 
of  farm  implements  brought  into  the  interior  of  Alaska.  A  number 
of  small  tracts  have  been  cleared  by  settlers  and  are  under  cultivation 
at  various  points  throughout  the  valley. 

At  the  Kampart  station  grain  matured  in  1902  and  1903,  and  for  this 
reason  more  extensive  experiments  have  been  conducted  during  the 
past  year,  and  barley,  oats,  and  rye  have  been  successfully  grown. 

In  general  the  experimental  work  in  Alaska  has  shown  that  live 
stock  may  be  successfully  maintained  at  many  points  in  the  Terri- 
tory. The  special  agent  in  charge  of  the  Alaska  stations  urges  the 
desirability  of  securmg  breeds  of  sheep  and  cattle  better  adapted 
to  the  climate  of  Alaska  than  those  which  have  hitherto  been  main- 
tained there.  It  is,  however,  impracticable  to  carry  on  experiments 
with  animals  in  an}'^  large  way  with  the  present  funds  at  the  disposal 
of  the  stations. 

GRASS   LANDS   AND   LIVE   STOCK. 

There  are  on  the  southern  coast  of  Alaska,  from  Cook  Inlet  to 
Unalaska,  about  10,000  square  miles  of  grass  lands,  over  one-half  of 
which  are  capable  of  utilization.  On  much  of  this  land  there  is  a  lux- 
uriant growtli  of  grasses  often  6  feet  high;  on  the  remainder,  lying  at 
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higher  elevations  and  in  more  exposed  situations,  the  grasses  are  too 
short  for  hay  cutting,  but  furnisn  splendid  pasturage.  That  these 
grasses  are  nutritious  the  fat  and  sleek  condition  of  the  cattle  furnishes 
ocular  demonstration. 

At  the  present  time  this  great  resource  is  practically  untouched, 
though  there  are  small  herds  of  milch  cows  at  most  of  tne  towns  ana 
villages.  Recently  a  live-stock  company  has  begun  operations  with 
cattle  and  sheep  on  Kodiak  Island  and  another  company  is  making 
actual  preparations  to  utilize  Akutan  Island. 

It  is  possible  for  both  sheep  and  cattle  to  live  throughout  the  winter 
without  care,  as  has  often  been  demonstrated.  Indeed,  where  cows 
belong  to  the  natives  they  are  forced  to  live  through  the  winter  with 
little  or  no  care,  eking  out  an  existence  by  feeding  on  browse  and 
seaweeds.  Milch  cows  kept  by  whites  are  as  a  rule  fed  from  five  to 
six  months,  and  this  may  fairly  be  considered  the  length  of  time  when 
animals  require  feed  ana  shelter. 

Sheep  raising  has  thus  far  not  proved  successful.  The  principal 
trouble  seems  to  have  been  that  the  animals  were  of  breeds  not  adapted 
to  the  conditions  that  prevail  on  the  Alaska  coast.  In  both  cases 
where  trials  have  been  made  grade  animals  were  imported  from  the 
semiarid  regions  of  California  and  Oregon,  where  the  climate  is  well- 
nigh  the  antithesis  of  that  in  Alaska.  With  other  breeds  success  is 
not  at  all  unlikely  to  follow. 

For  three  reasons  I  am  impelled  to  believe  that  the  Alaska  grass 
lands  as  a  whole  can  be  most  prclitably  utilized  at  present  through 
daiiying.  First,  because  the  small  population  of  the  Alaska  coast 
limits  the  market  for  beef  to  a  small  fraction  of  the  possible  yield. 
Second,  because  of  the  necessarily  long  feeding  period,  five  or  six 
months,  during  which  only  dairy  cattle  will  yield  compensating  returns. 
Third,  because  the  freight  to  distant  markets  on  concentrated  products 
like  butter  and  cheese  is  not  a  serious  factor. 

The  Alaska  coast  furnishes  many  admirable  sites  for  dairv  colonies 
or  settlements,  both  on  the  islands  and  on  the  mainland.  VVith  such 
a  great  wealth  of  grass  as  southwestern  Alaska  possesses  it  is  diflScult 
to  believe  that  it  will  not  become  a  great  dairy  country.  It  is  doubt- 
ful if  equally  good  opportunities  for  colonies  of  dairymen  can  be 
found  in  the  United  States  to-day.  Certainly  there  is  no  other  place 
left  where  320-acre  homesteads  of  magnificent  grass  lands  can  be  had  for 
the  taking.  In  view  of  the  enormous  area  of  these  lands,  it  seems  most 
advisable  that  this  undeveloped  resource  be  converted  into  wealth. 
Perhaps  nothing  will  stimulate  this  as  much  as  practical  experiments 
and  demonstrations  by  the  Department  of  Agriculture. 

HAW^AII   EXPERIMENT   STATION. 

A  chemist  and  horticulturist  have  been  added  to  the  staff  of  the 
Hawaii  station,  and  in  this  way  the  field  of  operations  has  been  consider- 
ably widened.  Soil  investigations  have  been  undertaken  by  the  chem- 
ist, which  are  of  general  importance  to  the  agriculture  of  the  islands. 
The  horticulturist  has  prepared  a  bulletin  on  bananas,  which  not  only 
treats  of  the  cultivation  and  marketing  of  this  fruit,  but  also  brings 
together  descriptions  of  a  large  number  of  Hawaiian  varieties,  making 
possible  a  systematic  study  of  this  important  food  plant.  Experi- 
ments are   being  continued   on  the   cultivation   and   fertilization   of 
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bananas,  and  a  large  collection  of  varieties  is  being  brought  together 
on  the  station  grounds.  Experiments  in  the  propagation  of  mangoes 
and  alligator  pears  have  been  begun. 

The  entomologist  has  prepared  a  bulletin  on  the  leaf  hopper  of  sugar 
cane,  which  was  investi^tea  at  the  solicitation  of  many  of  the  planters 
of  the  islands.  This  insect  made  its  appearance  quite  recently  and  has 
proved  in  ceiiain  districts  to  be  a  very  serious  enemy  to  cane  cultiva- 
tion. The  bulletin  treats  of  the  life  History  of  the  pest,  describes  the 
injury  produced,  and  offers  suggestions  for  its  control. 

Underthe  immediate  direction  of  the  special  agent  in  charge,  investiga- 
tions have  been  made  of  some  of  the  fungous  diseases  of  coffee,  sugar 
cane,  and  other  economic  plants,  and  a  comparative  test  of  grasses  and 
forage  plants  has  been  begun  in  connection  with  the  Hawaii  Live  Stock 
Breeders'  Association.  Cooperative  experiments  with  tobacco  have 
been  conducted  on  the  island  of  Hawaii  with  the  object  of  producing 
a  type  of  tobacco  that  is  especially  adapted  to  Hawaiian  conditions. 
Cooperative  experiments  on  cacao  and  banana  cultivation  are  also  being 
earned  on  in  connection  with  the  insular  board  of  agriculture  and  the 
Hilo  boarding  school. 

PORTO   RirO   EXPKRTMENT   STATION. 

The  work  of  the  Porto  Rico  experiment  station  has  been  consider- 
ably enlarged  during  the  past  year,  partly  with  the  aid  of  an  appro- 
priation of  $2,700  made  by  the  insular  legislature  and  nearly  $1,200 
received  from  the  sale  of  farm  products. 

Many  permanent  improvements  have  l)een  made  on  the  station 
farm.  A  small  tile  machine  was  purchased  and  drain  pipes  were 
manufactured  on  the  farm.  Practically  all  the  river  bottom  or  alluvial 
land  on  the  station  farm  has  been  di'ained.  This  is  the  first  under- 
drainage  ever  undertaken  in  Porto  Kico,  and  it  is  believed  that  it  will 
not  only  greatly  enhance  the  producing  power  of  the  station  property, 
but  will  also  serve  as  a  valuable  object  lesson  to  the  planters  of  the 
island.  An  experimental  irrigation  system  has  also  been  installed  on 
this  farm. 

A  preliminary  survey  of  the  principal  tobacco  districts  of  the  island 
has  been  made  by  a  tobacco  specialist  in  the  employ  of  the  station, 
and  a  report  on  these  investigations  is  being  prepared. 

The  investigations  on  different  methods  of  pruning,  shading,  and 
fertilizing  coffee  plants  have  been  continued.  An  attempt  to  extermi- 
nate the  coffee-leaf  miner  by  hand  picking  the  leaves  proved  the 
impracticability  of  this  method  of  repressing  this  pest.  The  entomolo- 
gist of  the  station  has  also  been  investigatmg  the  possibility  of  com- 
bating this  insect  by  means  of  parasites,  and  reports  the  discover}^  of 
an  effective  parasite  which,  it  is  believed,  by  careful  propagation  and 
distribution,  will  aid  very  materially  in  keeping  in  check  this  insect, 
which  is  by  far  the  most  serious  enemy  to  coffee  cultivation  now  upon 
the  island. 

A  special  stud}-  of  the  diseases  of  coffee  and  other  plants  was  made 
by  the  botanist  of  the  Connecticut  State  experiment  station,  who  was 
temporarily  in  the  employ  of  the  Porto  Rico  station. 

Much  attention  is  l>eing  given  to  the  propagation  of  citrous  f  mits, 
especially  with  a  view  of  obtaining  better  stock  for  growing  in  the 
orcliards  of  Porto  Kico.     A  bulletin  on  the  methods  of  production  and 
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marketing  of  oranges,  with  special  reference  to  Porto  Rico  conditions, 
has  recently  been  isi^ued.  A  large  number  of  tropical  fruits^  including 
mango,  alligator  pear,  souri^op,  nispero,  guava,  and  many  others,  have 
been  brought  together  in  a  tropical  fniit  orchard. 

The  tea,  rubber,  and  cacao  plantations  mentioned  in  my  last  report 
are  flourishing  and  are  being  extended.  Among  the  tropical  vegeta- 
bles which  enter  into  the  variety  tests  are  the  yautia,  taro,  edible 
canna^  arrowroot,  cassava,  .yams,  and  sweet  pot>atoes,  all  of  which  have 
thus  far  done  well. 

[Experiments  ai*e  being  carried  on  with  a  number  of  fiber  plants. 
Among  these,  maguey  and  sisal  have  thus  far  given  very  promising 
results.  The  station  has  thus  far  conducted  no  careful  experiments 
with  cotton,  but  the  industry  has  been  extended  throughout  the  island 
to  a  considerable  extent  during  the  past  year,  and  the  station  officers 
report  that  the  results  seem  to  indicate  tliat  it  is  possible  to  profitably 
produce  a  medium  grade  of  Sea  Island  cotton  in  roilx)  Rico. 

The  report  of  the  Bureau  of  Soils  on  the  soil  survey  from  Arecibo 
to  Ponce,  made  by  that  Bureau  in  cooperation  with  the  Porto  Rico 
station,  has  been  reprinted  in  both  English  and  Spanish  for  distribu- 
tion on  the  island.  Several  other  bulletins  and  circulars  in  both 
languages  have  been  issued  during  the  year. 

I'ROPOSED   EXPERIMEXT   STATION   AT  GUAM. 

This  Department  has  recently  received  a  request  from  the  governor 
of  Guam  for  the  establishment  of  an  agricultural  experiment  station 
on  that  island.  In  making  this  request  the  governor  states  that  the 
population  of  the  island,  consisting  of  about  11,000  people,  and 
increasing  at  the  rate  of  about  3  per  cent  a  year  since  the  American 
occupation,  is  devoted  entirely  to  agriculture.  The  farms,  which  arc 
email,  are  located  in  the  hills  back  of  the  surrounding  towns,  and  the 

Seople  usually  go  to  tliem  in  the  early  morning,  returning  to  their 
omiciles  at  night.  As  they  are  devoted  to  tilling  the  ground  and  the 
raising  of  fruits,  and  to  nothing  else,  this  is  an  especially  good  field 
for  the  introduction  of  such  additional  fruits  and  vegetables  as  t)nly 
the  resources  of  the  Government  can  command.  The  revenues  of  the 
island  are  insignificant,  so  that  the  people  can  not  afford  to  pay  any- 
thing toward  an  experiment  station,  although  its  influence  will  be 
very  beneficial.  There  is  a  considerable  tract  in  the  public  lands  of 
the  island  which  could  be  set  aside  for  an  experimental  farm. 

Since  it  seems  quite  impoilant  that  the  people  of  Guam  should 
receive  such  aid  in  developing  their  agriculture  as  is  now  given  by 
the  Government  to  our  other  island  possessions,  I  have  recommended 
an  appropriation  of  $5,000  for  the  maintenance  of  a  station  on  this 
island  in  cooperation  with  the  Navy  Department. 

NUTKITIOX    INVESTKJATIONS. 

In  the  nutrition  investigations  steady  progress  has  been  made  in  tlie 
elaborate  and  fundamental  inquiries  regarding  the  laws  of  human 
nutrition  with  the  respiration  calorimeter,  and  in  the  more  directly 

Practical  studies  of  the  nutritive  value  of  cereals,  fruits,  aiid  meat, 
he  great  importance  of  these  investigations  is  being  recognized,  not 
only  by  scientific  and  educational  institutions  throughout  this  country, 
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but  also  in  many  foreign  countries.  The  constantly  increasing  num- 
ber of  requests  for  nutrition  publications  and  for  information  from 
individuals,  institutions,  public  schools,  medical  schools,  and  similar 
sources,  is  a  proof  that  the  results  of  the  nutrition  investigations  excite 
wide  interest  and  are  appreciated. 

The  cooperative  method  by  which  the  work  of  investigation  has  been 
distributea  among  various  educational,  scientific,  and  similar  institu- 
tions in  the  United  States  has  been  productive  of  as  excellent  results 
the  past  year  as  hitherto,  and  a  satisfactory  amount  of  investigation 
has  been  conducted.  This  has  been  made  possible  in  part  by  the  gen- 
erous support  accorded  by  the  coopei'ating  institutions,  which  have 
contributed  in  some  cases  mone}',  and  in  practically  all  eases  the  use  of 
laboratories,  apparatus,  libraries,  the  aaviee  and  counsel  of  skilled 
experts,  ana  similar  assistance.  Other  institutions  have  expressed  a 
readiness  to  join  in  such  researches,  provided  a  comparatively  small 
amount  can  be  allotted  them,  but  witn  the  funds  at  our  command  it  has 
not  been  found  possible  to  extend  the  inquiry  be3'ond  the  present 
limits. 

CALORIMETER    E.XF»ER1MEXTH. 

The  experiments  with  the  respiration  calorimeter  during  the  past 
year  have  had  to  do  principally  with  the  comparative  values  of  fat  and 
carbohydi:ates  as  sources  of  energy.  The  apparatus  has  been  so  modi- 
fied that  a  given  quantity  of  air  is  circulated  through  the  respiration 
chamber,  the  oxygen  withdrawn  by  the  subject  being  made  good  by 
the  addition  of  a  fresh  supply,  while  the  products  of  respiration  are 
removed  for  measurement  and  analysis.  This  method  of  experiment- 
ing permits  of  direct  measurements  of  the  oxygen  consumption  in 
addition  to  other  factors  concerned  with  the  metabolism  of  matter  and 
<3nergy,  and  represents  a  decided  advance.  In  its  present  form  the 
apparatus  is  fully  as  accurate  as  the  forui  previously  described  and 
gives  very  satisfactory  results.  The  form  of  apparatus  which  may  be 
most  advantageously  used  depends  upon  the  character  of  the  problem 
which  is  to  be  studied,  since  both  the  earlier  type,  in  which  a  contin- 
uous quantity  of  air  was  pumped  through  the  apparatus,  and  the 
present  type,  with  the  closed  air  circuit,  furnish  very  accurate  means 
of  studying  a  large  variety  of  problems  which  have  to  do  with  the 
fundamental  laws  of  nutrition  and  practical  questions  connected  with 
the  satisfactory'  feeding  of  man  and  domestic  animals. 

HPKCIAL   HTl'DIES    OF   THE    YEAR. 

During  the  year  the  experimental  and  editorial  work  connected  with 
the  dietary  studies  at  the  Government  Hospital  for  the  Insane  has 
been  completed  and  a  bulletin  describing  the  results  in  detail  has  just 
been  published.  The  data  secured  are  of  great  interest  in  themselves 
and  will  prove  of  material  assistance  in  formulating  dietary  standards 
and  in  other  ways,  while  the  experience  gained  in  conducting  investi- 
gations will  prove  of  great  value  in  future  work  of  a  similar  char- 
acter. The  studies  showed  that  the  diet  at  the  Government  hospital 
was  well  managed  and  that  the  food  was  abundant,  of  good  quality, 
and  well  prepared.  As  the  study  progressed  it  became  evident  that 
in  many  ways  economy  in  the  preparation,  handling,  and  storing  of 
food  might  l>e  introduced  which  would  prevent  waste  and  effect  a  con- 
liderable  saving  without  making  any  radical  change  in  the  character 
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of  the  menu.  In  other  words,  it  was  evident  that,  as  in  all  business 
enterprises,  more  careful  and  expert  management  would  prove 
valuable. 

The  studies  concerned  with  the  nutritive  value  and  digestibility  of 
flours  of  different  grades  have  furnished  very  interesting  data  and  the 
material  now  accumulated  seems  sufficient  for  answering  the  much- 
discussed  question  as  to  the  comparative  value  of  different  sorts  of 
flour  ground  from  a  given  lot  of  wheat.     It  seems  fair  to  say  that  the 

frrades  of  flour  known  as  whole  wheat  and  graham  contain  a  somewhat 
arger  proportion  of  protein  and  ash  than  the  patent  grades,  but  are 
inferior  as  regards  the  thoroughness  with  which  they  are  digested. 
Judging,  therefore,  by  the  total  material  which  the  body  receives,  the 
various  sorts  of  flour  are  practically  equal  in  value.  The  mechanical 
effect  which  the  coarser  flours  exercise  on  the  digestive  tmct  should 
not  be  overlooked. 

The  dietary  studies  and  digestion  experiments  with  Maine  lumber- 
men have  given  some  interesting  and  valuable  results.  In  fixing  upon 
dietary  standards  it  was  desirable  to  have  data  reijarding  the  kinds  and 
amounts  of  food  consumed  by  persons  performmg  severe  work  and 
leading  a  very  active  outdoor  lite.  Such  conditions  were  met  in  the 
Maine  woods.  The  diet  with  which  the  lumbermen  were  provided 
was  comparatively  simple  in  character  though  generous  in  amount. 
Generallv  speaking,  the  quantities  eaten  were  fairly  large,  furnishing 
an  abundance  of  both  protein  and  energy.  The  food  was  quite  thor- 
oughly digested,  no  difference  being  observed  between  these  men  and 
those  living  and  working  under  more  usual  conditions. 

At  the  University  of  California,  the  investigations  concerning  the 
nutritive  value,  digestibility,  and  place  in  the  diet  of  fruits  and  nuts 
have  been  continued  and  important  data  are  being  accumulated.  The 
bulletins  already  published,  which  report  the  results  of  these  investi- 

fations,  have  been  widely  circulated,  showing  that  there  is  a  popular 
emand  for  information  along  these  lines.  A  popular  bulletin  has  been 
published  showing  how  a  surplus  fruit  supply  may  be  used  in  the 
household  for  the  preparation  of  jams,  jellies,  and  similar  products,  a 
class  of  foods  which  may  be  made  to  supply  carbohydrate  material  in 
a  palatable  and  attractive  form,  while  at  the  same  time  the  acids  and 
other  bodies  which  the  fruits  contain  are  believed  to  exercise  a  bene- 
ficial effect  on  the  svstem. 

IRRKJATION    AND   DRAINAOE    INVESTIGATIONS. 

METHODS    AND    PROBLEMS. 

During  the  past  year  the  office  of  Irrigation  and  Drainage  Investi- 
gations made  a  comprehensive  study  of  the  methods  and  cost  of  pre- 
paring land  for  irrigation.  The  results  show  the  need  of  a  better 
understanding  of  this  subject  by  farmers.  Much  has  been  done  by 
the  Government  and  the  States  to  aid  engineers  in  the^  right  planning 
of  dams  and  canals,  but  farmers  have  not  been  aided  in  like  measure 
in  understanding  how  to  get  the  best  results  out  of  the  water  when 
furnished.  A  bulletin  published  by  the  Department  gives  descriptions 
and  illustrations  of  the  tools  used  in  grading  land  and  building  laterals 
and  of  the  leading  systems  in  use  in  distributing  water  in  fields, 
orchards,  and  gardens.  These  studies  show  that  the  cost  of  preparing 
land  for  irrigation  is  far  greater  than  has  been  realized,  varying  under 


90       REPOBT  OF  THE  SECKETABY  OF  AGBICULTUBS. 

flooding  from  ^2  to  $5  an  acre  and  under  the  check  system  froni  $8  to 
$25  an  acre.  Here  is  a  large  opportunity  for  saving  money  to 
farmers  by  aiding  them  in  choo^sing  the  method  best  suited  to  their 
conditions. 

Last  year  a  working  agreement  was  entered  into  with  the  Western 
experiment  stations  for  the  systematic  collection  of  information  on 
important  features  of  irrigation  practice,  which  will  enable  this  Depart- 
ment promptly  and  at  small  cost  to  collect  and  disseminate  information 
of  great  practical  value.  This  year  the  subjects  studied  were  the 
metnods  of  measuring  water,  the  rate  of  rise  of  soil  water  during  the 
irrigation  period,  and  the  use  of  cement  and  concrete  instead  of  wood 
in  irrigation  structures. 

Dl'TY    OF    W'ATKK    AND    ArrLRATIoX    TO    SOIL. 

Tlie  increasing  value  of  water  has  given  added  importance  to  the 
studies  of  its  duty,  which  have  been  a  leading  feature  of  this  investiga- 
tion from  the  outset.  Rigiits  which  originaTl}'  were  purchased  for  $5 
an  acre  now  sell  for  $?>5  an  acre.  Annual  water  rentiils  have  risen  in 
certain  districts  from  ^1  to  J?7  an  acre.  F^vcry  extravagant  appropria- 
tion of  water  is  a  direct  incentive  to  waste,  and  excess  contacts  and 
decrees  will  continue  to  be  made  so  long  as  the  quantity'  actually  used 
has  not  been  determined  by  accurate  impartial  measurements.  This 
fact  is  giving  the  work  of  tfie  Department  increasing  importance.  Its 
reports  are  being  used  in  tixing  water-right  decrees,  and  measurements 
of  the  duty  of  water  on  streams  where  adjudications  are  proposed,  are 
urgently  requested. 

Scarcity  of  water  in  the  arid  West  makes  it  desirat)le  that  it  shall  be 
used  b}'  irrigators  in  the  most  econcmiical  and  skillful  way.  To  aid  in 
making  this  possible  the  Department  is  carrying  on  a  series  of  scien- 
tific studies  to  determine  the  quantity  of  water  which  will  give  the 
best  results  and  the  best  method  of  applying  it  to  crops.  In  one 
important  irrigated  district  these  measurements  show  that  the  quan- 
tity' needed  to  irrigate  (>0  acres  of  land  under  the  method  in  com- 
mon use  will  irrigate  100  acres  when  applied  by  another  equally 
feasible  method.  They  also  show  that  the  time  of  irrigation  and  the 
quantity  of  water  userf  have  an  important  influence  on  the  quality  as 
well  as  on  tlie  yield  of  crops. 

During  the  i)iist  season  records  of  the  performance  of  over  2,000 
irrigating  pumping  plants,  scattered  from  Texas  to  Washington,  have 
been  obtaiiunl.  These  included  many  types  of  pumps  operated  by 
gasoline,  crude  oil,  distillate,  by  steam  generated  by  means  of  oil, 
coal,  and  wood,  by  electric  motors,  windmills,  and  water  power.  The 
rapid  extension  of  pumping  as  a  means  of  extending  irrigation  give^} 
great  practical  importance  to  these  studies. 

Wind  is  one  of  the  neglected  but  promising  sources  of  power  for 
providing  water  for  irrioiition  and  for  doing  other  farm  work.  An 
arrangement  has  been  made  with  the  department  of  farm  mechanics 
in  the  Iowa  State  College  to  supplement  the  field  studies  made  during 
the  vear  bv  more  careful  tests  of  the  efficiencv  of  different  makes  of 
wmdmills.  The  makers  of  these  machines  nave  manifested  much 
interest  in  these  investigations  and  have  not  only  offered  to  supply 
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the  mills  needed  for  testing  free  of  cost  but  to  manufacture  others 
accoixling  to  an}-  special  design  suggested  by  this  Department. 

Last  season's  pumping  studies  lead  to  the  conclusion  that  there  is  a 
broad  field  for  irrigation  b}"  pumping;  that  where  the  lift  of  water  is 
less  than  50  feet  the  number  of  failures  are  comparatively  few.  The 
failures  noted  have  been  due  to  two  principal  causes:  Lack  of  mechan- 
ical knowledge  or  skill  on  the  part  ot  farmers  needed  to  keep 
machinery  in  proper  condition;  and  the  selection  of  pumps  of  too 
great  or  too  small  capacity  for  the  work  to  be  done. 

IRRIGATION   IN    THE   ni'MID   PECTION-S  OF  THE   UNITED   STATES. 

The  studies  of  irrigation  in  Italy  show  that  irrigation  is  highly 
profitable  in  a  region  having  a  larger  rainfall  than  the  Mississippi 
Valley,  and  there  seems  no  doubt  that  in  a  similar  way  it  is  to  have  a 
large  field  of  usefulness  in  the  eastern  and  southern  portions  of  the 
United  States.  One  of  the  special  crops  which  require  irrigation  is 
cranberries,  and  a  cooperative  arrangement  has  been  made  with  the 
experiment  station  of  \Visconsin  and  the  Wisconsin  Cranberry  Growers' 
Association,  under  which  the  Department  is  attempting  to  formulate 
the  principles  which  should  govern  the  irrigation  and  drainage  of 
cranberry  beds.  The  studies  made  in  Wisconsin  arc  being  supple- 
mented b^'  similar  studies  in  New  Jersey. 

In  the  rice  districts  of  Louisiana  and  Texas  practic^ill}'  all  the  water 
used  in  irrigation  has  to  be  pumped.  The  quantity  used  and  the  per- 
formance of  different  tvpes  of  pumps  in  providing  it  are  controlling 
factors  in  the  success  of  this  inclustry.  Both  these  have  been  studied 
during  the  past  year. 

There  is  a  large  territory  in  central  Arkansas  which  is  believed  to 
be  well  suited  to  rice  growing.  The  Department  is  cooperating  with 
the  State  experiment  station  to  ascertain  whether  it  will  pay  in  this 
section  to  pump  water  to  irrigate  rice.  The  results  this  year,  while 
encouraging,  show  that  it  will  require  considerable  experimental  work 
to  place  the  industry  on  an  assured  basis. 

DRAINAGE    INVESTIGATIONS. 

Crop  production  is  being  extended  in  this  country  in  three  ways— 
(1)  by  reclaiming,  througli  irrigation  and  drainage,  lands  hitherto 
worthless  or  yielding  onFv  a  nominal  return;  (2)  by  improving  soil 
conditions  in  lands  already  under  cultivation;  (8)  by  scientific  rotation 
and  intensive  cultivation  of  crops. 

Since  soil  drainage  is  an  important  factor  in  all  of  these,  the  promo- 
tion of  practical  and  efficient  methods  may  do  much  for  the  general 
improvement  of  agriculture.  Original  investigation,  combined  with 
careful  scrutiny  of  current  practice  in  this  and  other  countries,  will 
enable  this  Department  to  place  before  State  and  district  authorities, 
cultivators,  and  landowners  the  methods  and  practices  suited  to  their 
conditions. 

The  following  work  was  carried  on  during  the  year: 

(1)  An  examination  of  some  of  the  irrigated  lands  of  Utah  for  which 
drainage  is  urgently  needed,  the  giving  of  advice  concerning  plans, 
and  the  beginning  of  some  experiments  in  tile  drainage  to  determine 
the  operation  of  underdrains  in  certain  soils. 

(2)  The  examination  of  several  large  drainage  projects  in  the  Middle 
West,  in  company  with  engineers,  county  boards,  and  interested  land- 
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ownei"s,  followed  by  reports  and  recommendations  of  plans.  About 
400,000  acres  of  land  are  affected  bj-  these  projects,  witn  an  estimated 
outlay  for  drainage  of  $1,000,000. 

(3)  Collecting  and  classifying  tield  data  upon  the  construction  of 
levees  for  protection  of  river  bottom  lands;  their  ditching  and  drain- 
age by  pumps;  construction,  duty,  and  operation  of  land  dredges;  the 
construction  and  behavior  of  drainage  ditches  of  various  sizes. 

(4)  Collection  of  data  regarding  the  operation  of  the  older  systems 
of  tile  drainage  in  the  Middle  West,  with  respect  to  determining  how 
far  conditions  may  be  improved  by  reconstruction. 

A  preliminary'  examination  of  a  portion  of  the  Everglades  in  Dade 
County,  Fla.j  was  made  in  conjunction  with  the  Bureau  of  Plant  Indus- 
try, and  it  is  thought  that  the  Everglade  soil  can  be  made  profitable  for 
growing  subtropical  fruits  if  it  can  be  sufficiently  drained.  In  view 
of  the  interest  taken  in  growing  fruit  and  vegetables  in  southern  Flor- 
ida for  the  Northern  winter  markets,  the  reclamation  of  the  Everglades 
merits  further  attention. 

The  lines  of  work  carried  on  during  the  present  year  indicate  the 
widening  importance  of  this  branch  of  a^icultural  improvement 
The  condition  of  much  of  the  farming  land  m  the  older  irrigated  dis- 
tricts, and  especially  in  Utah,  demands  prompt  and  active  relief 
through  drainage,  or  the  loss  already  suffered  by  bogging  of  the  land 
will  he  rapidly  augmented.  The  Department  can  render  great  assist- 
ance to  the  people  of  these  sections  by  enabling  experts  to  direct  and 
assist  in  starting  practical  drainage  operations  m  localities  where 
farmers  are  ready  to  begin. 

An  entirely  different  class  of  problems  has  been  encountered  in  con- 
nection with  the  drainage  of  the  peat  swamp  lands  of  central  Wiscon- 
sin. Here  the  assistance  of  the  experts  of  the  Department  has  been 
requested  in  order  to  determine  the  manner  in  which  drainage  should 
be  accomplished  and  regulated  during  the  subsequent  treatment  of 
these  marshes. 

The  reclamation  of  tidal  marshes  is  a  subject  upon  which  numerous 
inquiries  have  been  received  and  which  mav  be  protitablj'  studied. 

The  further  development  of  the  prairie  lands  of  Arkansas  and  the 
heavy  cotton  lands  or  Mississippi  will  depend  upon  the  introduction 
of  more  thorough  methods  of  drainage.  There  is  no  public  informa- 
tion available  l>earing  directly  on  the  treatment  of  the  drainage  prob- 
lems there  encountered,  although  it  is  a  fundamental  matter  in  the 
development  of  certain  lands  in  these  States. 

The  drainage  experts  of  the  Department  have  given  considerable 
time  and  thought  m  advising  with  and  aiding  agricultural  colleges 
and  stations  about  courses  of  instruction  in  drainage  engineering  and 
the  carrying  out  of  experiments  in  drainage.  The  establishment  of 
these  courses  of  study  and  the  special  traming  of  men  to  carry  out 
this  branch  of  farm  improvement  promise  much  for  the  betterment  of 
soil  conditions  and  soil  production  in  future  years.  The  success  of 
these  classes  is  shown  bv  the  fact  that  Illinois  has  42  and  Iowa  65 
students  at  present  enrolled  in  drainage  engineering. 

AGRICl'LTURAL    EN(.IXEERIX«. 

The  valuable  results  which  have  come  from  including  irrigation  and 
drainage  in  the  work  of  the  Department  leads  me  to  believe  that  this 
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investigation  should  include  two  other  branches  of  agricultural  engi- 
neering with  which  they  have  a  close  relation.  These  are  farm  build- 
ings and  farm  machinery. 

That  this  Department  should  give  some  attention  to  the  convenience 
and  healthf  ulness  of  farmhouses  and  farm  buildings  would  not  seem  to 
require  any  argument.  These  have  such  vital  relation  to  the  attract- 
iveness and  profits  of  farming  and  to  the  improvement  of  the  social 
and  industrial  conditions  of  farm  life  that  they  ought  not  to  be  ignored 
by  this  Department. 

There  is  urgent  need  of  study  of  the  important  question  of  ventila- 
tion and  lighting  in  farm  barns.  A  recent  investigation  carried  on  by 
the  Agricultural  College  of  Wisconsin  has  shown  that  scores  of  costly 
barns,  intended  to  house  valuable  blooded  live  stock,  and  on  which 
thousands  of  dollars  have  been  expended  to  secure  perfect  sanitary  con- 
ditions, are  a  complete  failure  so  far  as  ventilation  is  concerned;  and 
that  this  lack  of  proper  ventilation  is  causing  serious  increase  in  the 

Sread  of  tuberculosis  and  seriously  impairs  the  profits  of  feeding, 
undreds  of  farmers  are  delaying  the  building  of  bams  because,  while 
they  realize  the  nature  of  the  diflSculty  and  the  necessity  for  its  remedy, 
they  do  not  know  how  to  accomplish  it.  It  is  a  striking  but  admitted 
fact  that  we  are  so  ignorant  of  tne  proper  principles  ot  bam  ventila- 
tion that  many  of  the  costliest  structures  built  m  recent  years  have 
been  the  most  defective  in  this  regard. 

There  is  another  reason  for  this  Department  giving  some  attention 
to  the  subiect  of  farm  buildings.  We  are  entering  a  transition  period 
in  which  the  cheap  wood  constmction  of  former  years  is  giving  way 
to  permanent  structures  of  stone,  concrete,  and  iron.  Farm  houses, 
through  better  water  supplies,  plumbing,  and  sanitation,  are  being 
made  as  convenient  as  those  of  the  city.  The  working  out  of  these 
changes  involves  so  many  new  problems  that  the  Department  is  being 
called  upon  by  experiment  stations^  improvement  associations,  and 
communities  for  advice  and  information  which  if  furnished  coula  not 
but  result  in  a  marked  improvement  in  the  conditions  of  farm  life. 

MACHINERY    ANI>    MOTIVE    POWER. 

CloseljT  related  to  the  healthf  ulness,  convenience,  and  cheapness  of 
farm  buildings  is  the  right  selection,  care,  and  use  of  farm  machinery. 
The  studies  of  pumping  machinery  have  shown  that  the  most  impor- 
tant factor  in  its  successful  use  is  the  mechanical  skill  of  the  farmer, 
and  we  are  beginning  to  understand  that  the  increased  complexity  and 
cost  of  farm  machinery  make  the  education  of  the  American  farmer 
along  these  lines  more  and  more  desimble. 

No  more  significant  change  is  taking  place  in  American  agriculture 
than  the  extent  to  which  different  kinds  of  motive  power  are  taking 
the  place  of  men  and  animals.  The  use  of  the  traction  engine  and 
automobile  in  the  place  of  the  horse  on  the  country  roads,  the  employ- 
ment of  gasoline,  steam,  wind,  and  electric  power  to  operate  mowers, 
threshers,  plows,  feed  cutters,  corn  buskers,  and  dairy  machinery  are 
illustrations  of  epoch-making  changes  that  are  now  going  on  on  every 
modern  American  farm.  On  one  ranch  in  California  there  is  $60,000 
worth  of  farm  machinery  operated  by  some  other  power  than  animals 
or  man.  For  want  of  proper  information  these  changes  are  involving 
farmers  in  senous  mistakes  and  large  losses.     They  buy  motors  not 
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suited  to  their  requirements  or  which  they  do  not  know  how  to  oper- 
ate. They  buy  machinery  not  adapted  to  their  condition  and  cause 
its  rapid  destruction  by  not  knowing  how  to  care  for  it. 

There  is  made  and  sold  each  year  in  this  country  about  $100,000,000 
worth  of  farm  machinery.  Fully  one-half  of  this  goes  into  the  hands 
of  men  who  do  not  know  how  to  select  it  wiselj'  or  to  keep  it  in  proper 
condition.  The  waste  which  results  runs  into  millions  of  dollars 
annually.  In  addition,  implement  manufacturers  lose  large  sums  in 
making* and  attempting  to  introduce  machinery  unsuited  to  the  work 
it  is  intended  to  perform,  with  a  resultant  loss  to  both  farmers  and 
raanufactiirei's. 

Realizing  the  need  of  improvement  in  these  matters,  and  pertly  to 
meet  the  requests  of  implement  manufacturers  for  young  men  haying' 
agricultural  and  mechanical  training  which  will  enable  them  to  design 
and  construct  implements  suited  to  the  conditions  of  the  American  farm, 
a  number  of  agricultural  colleges  and  experiment  stations  have  inaugu- 
rated coui-ses  of  instniction  and  begun  systematic  experimentation  for 
the  purpose  of  bringing  about  a  general  diffusion  of  intelligence  about 
this  feature  of  farm  work.  They  have  appealed  to  this  Department 
for  aid  in  this  work  similar  to  that  alreaay  given  them  in  other  linens 
of  agricultural  investigation. 

TESTS   OF   CORN   PLAXTEBS   ANI>   WIXDMlIJiS. 

As  illustrating  the  important  results  which  are  destined  to  come 
from  the  inauguration  of  this  work,  one  of  the  results  of  an  investi- 
gation carried  out  by  the  Iowa  State  College,  a  pioneer  in  this  line  of 
education  and  experimentation,  will  be  given.  It  began  its  study  of 
farm  machinery  with  the  operation  of  com  planters,  because  no  single 
factor  contributes  more  to  the  }Meld  than  securing  a  uniform  stand, 
and  this  is  impossible  if  the  seed  is  not  planted  evenly.  The  machines 
for  planting  corn  in  hills  are  intended  to  drop  from  three  to  four 
grains,  yet  farmers  have  been  buying,  and  implement  makers  manufac- 
turing and  selling,  planters  without  any  definite  knowledge  as  to  how 
they  behave  in  this  respect.  In  making  this  test  all  of  the  leading 
machines  were  included.  It  l)rought  out  the  following  significant 
facts: 

(1)  That  no  planter  now  made  will  drop  evenly  unless  the  grains 
have  been  graded.  The  introduction  of  seed-grain  graders  followed, 
and  was  an  immediate,  important,  practical  gain  to  agriculture  and 
to  manufacturers  of  this  kind  of  machinery. 

(2)  That  with  graded  grain  cei-tain  types  of  machines  do  accumt* 
work. 

(3)  That  other  types  will  not  drop  evenl}-  under  any  conditions. 
The  important  and  encouraging  feature  of  this  investigation  has  been 

the  interest  shown  b}'  manufacturers  who  have  acceptea  the  results  as 
impartial  and  conclusive.  Makers  of  machines  found  defective  were 
as  ready  to  accept  the  results  as  the  makers  of  those  which  operated 
properly,  the  defects  being  at  once  corrected. 

Tne  test  of  windmills  by  the  Iowa  State  College  to  determine  the 
designs  and  sizes  best  suited  to  lifting  water  for  irrigation  promises  to 
lead  to  important  results  in  extending  the  use  of  this  motive  power  in 

grinding  grain,  handling  an(i  storing  produce,  and  doin^  some  other 
inds  of  farm   work   pi-actically   without   expense,  which   formerly 
''^'quired  a  considerable  expenditure  for  man  or  animal  power. 
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NEED   OF   AN    KXPERT   IN    FARM    BVILDING8   AND    MACHINEKV. 

The  requeats  of  the  colleges  and  stations  for  aid  in  carrying  out 
these  investigations  and  in  planning  courses  of  instruction  have  been 
supplemented  by  numerous  similai*  requests  from  farmers  for  advice 
and  assistance  about  the  selection  and  operation  of  diflferent  kinds  of 
farm  motors  and  other  farm  machinery.  In  the  absence  of  any  special 
arrangement  for  dealing  with  these  problems,  thej'  have  been  referred 
to  the  Office  of  Exjperiment  Stations  and  dealt  with  by  the  Irrigation 
and  Drainage  division  of  that  Office;  but  there  are  at  present  no  funds 
which  can  be  utilized  for  systematic  work  along  these  lines.  1  am  of 
the  opinion  that  results  of  great  value,  alike  to  the  farmers  and  the 
manufacturers  of  agricultural  machinerv,  will  come  from  the  extension 
of  the  Departments  work  in  agricultural  engineering  to  include 
studies  of  tnis  character,  in  cooperation  with  the  agricultural  colleges 
and  experiment  stations.  I  have,  therefore,  asked  Congress  for  an 
appropriation  which  will  enable  us  to  employ  an  expert  in  farm  build- 
ings and  farm  machinery,  in  connection  with  the  irrigation  and  drain- 
age investigations. 

BIVISION  OF  PUBIilCATIOlf S. 

The  publication  work  of  the  Department  is  a  faithful  reflex  of  its 
activity  and  growth.  The  diffusion  of  the  valuable  information 
acquired  b}"  the  Department  is  effected  almost  entirely  through  this 
medium.  The  time  was,  indeed,  when  in  spite  of  the  comparatively 
few  publications  issued,  the  cost  of  printing  them  amounted  to  far 
more  than  half  the  entire  expenses  of  the  Department.  At  present 
the  entire  cost  of  this  work  is  not  even  one-sixth  of  the  total  expendi- 
tures of  the  Department,  and  yet  the  number  of  publications  issued 
during  the  past  tiscal  year  aggregated  972.  Of  these,  379  were  new, 
comprising  about  23, (KK)  pages  of  matter.  The  number  of  copies  of 
ail  publications  issued  during  the  year  aggregated  12,421.386.  The 
600  reprintii  attest  forcil)ly  the  extent  of  the  demand  for  tne  Depart- 
ment publications. 

Of  the  whole  number  printed  415  were  Farmers'  Bulletins,  of  which 
25  w^ere  new  and  390  reprints.  The  total  number  of  copies  of  these 
issued  during  the  year  was  about  6^  million,  very  nearly  5  million 
being  distributed  upon  the  orders  of  Senatoi-s,  Represenbitives,  and 
Delegates  in  Congress. 

A  very  gratifymg  feature  reported  by  the  Department  Editor  is  the 
constantly  increasing  demand  for  the  Department  publications  by 
educational  institutions,  mainly  for  class  work.  This  nas  added,  how- 
ever, very  much  to  the  demands  made  upon  us,  and,  unfortunately, 
lias  greatly  increased  the  instances  where  it  has  been  found  impossible 
to  comply  with  applicants'  requests  owing  to  the  exhaustion  of  the 
suppl}'. 

Tnis  suggests  the  possibility,  with  the  cooperation  of  Congress,  of 
utilizing,  after  sufficient  time  has  elapsed,  a  portion  of  the  unused 
Congressional  quotas  of  many  of  our  documents.  If  some  plan  could 
be  devised,  with  the  approval  of  Congress,  whereb}'  such  unused  quotas 
could  be  made  available  to  the  Department,  a  great  deal  of  valuable 
matter  would  go  into  circulation  which  at  present  is  not  used  in  any 
wav. 
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It  is  gratifying  to  be  able  to  report  that  Congress  at  its  last  session 
adopted  a  resolution  authorizing  the  Superintendent  of  Documents  to 
utilize  the  funds  received  by  him  from  the  sale  of  public  documents  to 
reprint  such  as  are  in  continuous  demand,  subject  to  the  approval  of 
the  head  of  the  Department  from  which  tne  document  to  be  reprinted 
had  emanated.  This  official  courteouslv  supplies  the  information  that 
out  of  a  total  of  47,800  Government  documents  disposed  of  by  him 
during  the  fiscal  year,  for  which  he  received  the  sum  of  $12,606.17, 
31,860  were  publications  of  this  Department,  and  the  amount  received 
therefor  was  $4,309.60.  This  again  testifies  in  a  marked  manner  to 
the  increasing  appreciation  of  the  work  of  the  Department,  especially 
in  view  of  the  very  large  gratuitous  distribution,  not  only  directly 
through  the  Department,  but  also  through  members  of  Congress- 

Every  effort  has  been  made  to  reduce  the  cost  of  printing.  The 
editions  have  been  restricted  to  actual  and  urgent  requirements,  and 
every  means  to  reduce  expenses,  short  of  interfering  with  efficient 
service,  has  been  resorted  to.  In  the  matter  of  illustrations  especially, 
originally  a  very  natural  source  of  extravagance,  rigid  restrictions 
have  been  imposed.  As  a  result,  notwiths^nding  the  considerable 
increase  in  the  number  of  publications  and  in  the  total  number  of 
pages  of  new  matter,  the  number  of  illustrations  in  the  new  publica- 
tions issued  during  the  year  has  been  reduced  by  over  500,  or  more 
than  20  per  cent  oi  the  previous  year. 


The  Department's  collection  of  agricultural  and  technical  scientific 
literature  nas  been  enriched  the  past  3^ear  by  the  addition,  by  purchase 
and  gifts,  of  more  than  4,000  volumes.     As  a  working  library  for  the 

Practical  agriculturist  and  scientific  investigator  this  collection  of 
ooks  now  stands  unsui'passod  by  any  single  collection.  Some  of  the 
special  collections  of  technical  scientific  works  rank  among  the  first 
in  the  countr3\  More  than  ever  before  have  the  resources  of  the 
Library  been  made  available  to  scientists  in  various  parts  of  the  coun- 
try. Loans  of  this  nature,  which  do  not  interfere  with  the  progress 
of  work  in  the  Department,  are  greatly  appreciated  by  experiment 
station  workers  in  particular.  Among  the  many  valuable  additions 
to  the  Library  the  past  year  have  been  a  number  of  rare  entomological 
works,  which  have  long  been  needed  to  make  the  collection  of  books 
on  this  special  subject  more  nearly  complete.  A  printed  catalogue  of 
the  books  on  entomology  in  the  Library  will  be  issued  in  a  few  months, 
thus  adding  another  contribution  to  the  printed  subject-catalogue  of 
the  Library. 

In  return  for  the  large  number  of  Department  publications  tmns- 
mitted  to  foreign  countries  through  tne  Library,  the  number  of 
exchanges  from  governments,  institutions,  and  societies  has  greatly 
increased.  These  publications  cover  largely  the  results  of  current 
scientific  work  abroad  and  are  of  signal  importance  in  the  work  of  the 
Department. 

The  cataloguing  of  current  accessions  has  practicall}^  been  kept  up 
to  date.  Printed  index  cards  for  the  Department  publications  have 
been  issued  in  larger  numbers  than  before  to  meet  the  increasing 
demand  from  libraries  in  all  parts  of  the  countiy  which  receive  the 


